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V#
T h i s  t h e s i s  i s  a n  e m p i r i c a l  a n d  q u a n t i t a t i v e  s t u d y  
o f  t h e  e f f e c t s  o f  e c o n o m i e s  o f  s c a l e  o n  i n t e r n a t i o n a l  
t r a d e .
T h e  m a i n  c o n c e r n  o f  t h e  s t u d y  i s  t o  t e s t  w h e t h e r  
e c o n o m i e s  o f  s c a l e  h a v e  a n  i n f l u e n c e  o n  B r i t i s h  a n d  A m e r i c a n  
e x p o r t s  a n d  i m p o r t s .
T h e  f i r s t  s t e p  i s  t o  d e t e r m i n e  w h e t h e r  i n d u s t r i e s  i n  
t h e  t w o  c o u n t r i e s  a r e  a c t u a l l y  p r o d u c i n g  u n d e r  c o n d i t i o n s  
o f  i n c r e a s i n g  r e t u r n s  t o  s c a l e .  We w i l l  c o n s i d e r  t h i s  b y  
a p p l y i n g  a l t e r n a t i v e  m e t h o d s  o f  m e a s u r i n g  s c a l e  e c o n o m i e s  
a n d  a l t e r n a t i v e  e s t i m a t e s  o f  t h e  m i n i m u m  e f f i c i e n t  s c a l e  o f  
f i r m s  i n  t h e  t w o  c o u n t r i e s .
F o l l o w i n g  t h i s ,  t h e  e s t i m a t e s  o f  s c a l e  e l a s t i c i t i e s ,  
a l o n g  w i t h  l a b o u r  s k i l l  i n t e n s i t i e s ,  t a r i f f  a n d  s i z e  o f  
m a r k e t  w i l l  b e  e x a m i n e d  a s  f o r c e s  i n f l u e n c i n g  t h e  r e l a t i v e  
e x p o r t s  a n d  i m p o r t s  o f  t h e  U n i t e d  S t a t e s  a n d  t h e  U n i t e d  
K i n g d o m .  T h e  i m p a c t  o f  t h e s e  v a r i a b l e s  w i l l  b e  t e s t e d  i n  
t h r e e  d i f f e r e n t  m a r k e t s ,  i . e .  t h e  w o r l d ,  O E C D  a n d  N o n - O E C D .
A s  w i l l  b e  s e e n  b e l o w ,  o u r  p r o c e d u r e  f o r  e s t i m a t i n g  
s c a l e  e c o n o m i e s  r e s t s  o n  t h e  a s s u m p t i o n  t h a t  c a p i t a l  i n t e n s i t y  
h a s  n o  e f f e c t  o n  s c a l e  e c o n o m y .  T h i s  a s s u m p t i o n  w i l l  b e  
s u b s e q u e n t l y  t e s t e d .  T h e  t e s t s  w i l l  b e  u n d e r t a k e n  f o r  
i n d i v i d u a l  i n d u s t r i e s  a n d  a l s o  f o r  l a r g e  a n d  s m a l l  g r o u p s  
o f  p l a n t s .
We w i l l  a p p l y  a  g e n e r a l  l i n e a r  m o d e l  w h i c h  c a n  b e  
a s s o c i a t e d  w i t h  v a r i a n c e ,  c o v a r i a n c e ,  a n d  r e g r e s s i o n  a n a l y s i s .  
I n  t h e  r e g r e s s i o n  a n a l y s i s ,  w h i c h  we  w i l l  u n d e r t a k e ,  a l l
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f a c t o r s  i n c l u d e d  a r e  q u a n t i t a t i v e  a n d  s h o u l d  b e  t r e a t e d  
q u a n t i t a t i v e l y .  B u t  we  d o  n o t  e x p e c t  t h e  m o d e l  t o  
a c c o u n t  f o r  t h e  q u a l i t a t i v e  n a t u r e  o f  s o m e  o f  t h e  e x c l u d e d  
v a r i a b l e s ,  f o r  e x a m p l e  p r o d u c t  d i f f e r e n t i a t i o n  a n d  n e w  
t e c h n o l o g y #  A c c o r d i n g l y  t h e  c o v a r i a n c e  t e c h n i q u e  w i l l
j
b e  s e e n  t o  b e  o f '  m u c h  h e l p  i n  d o s c o v e r i n g  h o w  v a r y i n g  a n d  
u n k n o w n  f a c t o r s  m a y  c o m b i n e  t o  p r o d u c e  s t r u c t u r a l  c h a n g e s  
i n  s c a l e  e l a s t i c i t i e s ,  e x p o r t s  a n d  i m p o r t s ,  a n d  a v e r a g e  
s i z e  o f  p l a n t .  T h i s  t e c h n i q u e  i s  o f  s p e c i a l  i m p o r t a n c e  
a s  we  w i l l  d e a l  w i t h  t e c h n i c a l  e c o n o m i e s  o f  s c a l e  a n d  i g n o r e  
p e c u n i a r y  e c o n o m i e s  o f  s c a l e ;  t h o s e  a s s o c i a t e d  w i t h  
t e c h n o l o g y ,  l a b o u r  r e l a t i o n s ,  p r o d u c t  d i f f e r e n t i a t i o n ,  
a d v e r t i s i n g ,  a n d  t r a n s p o r t a t i o n .  T h e  c o v a r i a n c e  t e c h n i q u e  
w i l l  e n a b l e  u s  t o  d e t e r m i n e  t h e  s i g n i f i c a n c e  o f  t h e s e  
p e c u n i a r y  e c o n o m i e s  o f  s c a l e .
ECO N O M IES O F  S C A L E  AND I N T E R N A T IO N A L TR A D E
A c c o r d i n g  t o  H u f b a u e r \  t h e  l a r g e  n a t i o n s ,  b e c a u s e  o f  a n  a ssu m e d  
home m a r k e t ,  w i l l  s p e c i a l i z e  i n  g o o d s  p r o d u c e d  u n d e r  i n c r e a s i n g  r e t u r n s  
t o  s c a l e .  S m a l l  n a t i o n s  m a y  a l s o  o c c a s i o n a l l y  d e v e lo p  a  s c a l e  e co n o m y  
i n d u s t r y  b y  r e l y i n g  o n  e x p o r t s  t o  j u s t i f y  a  l a r g e  v o lu m e  o f  p r o d u c t i o n .  
H o w e v e r, t r a d e  b a r r i e r s  w i l l  u s u a l l y  r e s t r i c t  t h i s  p o s s i b i l i t y .  T h u s  
H u f b a u e r  p o s t u l a t e d  t h a t  l a r g e  n a t i o n  s t a t e s  w i l l  t e n d  t o  s p e c i a l i z e  i n  
t h e  p r o d u c t io n  o f  s c a l e  e co n o m y  g o o d s . I n  t h i s  s t u d y  we w i l l  b e  
c o n c e r n e d  w i t h  t h e  r o l e  o f  e c o n o m ie s  o f  s c a l e  a n d  t h e i r  r e l a t i o n  t o  
i n t e r n a t i o n a l  t r a d e  a n d  i n  p a r t i c u l a r  t h e i r  r o l e  i n  t h e  e x p o r t  
p e r f o r m a n c e  o f  t h e  U n i t e d  K in g d o m  a n d  t h e  U n it e d  S t a t e s .
A l t h o u g h  we a r e  i n t e r e s t e d  m a i n l y  i n  t h e  e m p i r i c a l  a n a l y s i s  o f
e c o n o m ie s  o f  s c a l e  a n d  i n t e r n a t i o n a l  t r a d e ,  i t  m a y  b e  u s e f u l  t o  b e g i n
w i t h  a  l o o k  a t  t h e  t h e o r e t i c a l  l i t e r a t u r e  o n  t h e  s u b j e c t .
1 . 1 . 1  LA R G E  S C A L E  ECO N O M IES A S A  C A U SE  O F TR A D E
S c a l e  e c o n o m ie s  a r e  e x p l i c i t l y  e x c lu d e d  a s  a  c a u s e  o f  t r a d e  b y  
b o t h  t h e o r i e s  o f  i n t e r n a t i o n a l  t r a d e ,  n a m e ly  t h e  R i c a r d i a n  a n d  F a c t o r  
p r o p o r t i o n  t h e o r i e s .  R i c a r d o  e x p l i c i t l y  a ssu m e d  c o n s t a n t  r e t u r n s  t o
p
s c a l e  i n  p r o d u c t i o n  i n  a l l  a c t i v i t i e s .  I n  h i s  o r i g i n a l  w o r k ,  O h l i n  
d i d  c o n s i d e r  t h e  p o s s i b i l i t y  o f  i n c r e a s i n g  r e t u r n s  t o  s c a l e ;  h o w e v e r ,  
t h e  H e c k s h e r  -  O h l i n  f o r m a l  f a c t o r  -  p r o p o r t i o n  m o d e l s u b s e q u e n t l y  h a s  
e n d e d  u p  b y  a s s u m in g  c o n s t a n t  r e t u r n s  t o  s c a l e .
^ G . H u f b a u e r ,  'T h e  Im p a c t  o f  N a t i o n a l  C h a r a c t e r i s t i c s  a n d  T e c h n o lo g y  o n  
t h e  C o m m o d ity  C o m p o s i t io n  o f  T r a d e  i n  M a n u f a c t u r e d  G o o d s ' ,  i n  R .  V e r n o n ,  
T h e  T e c h n o lo g y  F a c t o r  i n  I n t e r n a t i o n a l  T r a d e ,  New Y o r k ,  1 9 7 0 .
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B .  O h l i n ,  I n t e r - R e g i o n a l  a n d  I n t e r n a t i o n a l  T r a d e ,  R e v i s e d  E d i t i o n ,  
C a m b r id g e ,  1 9 6 ? ,  p . 73*
CHAPTER 1 ,
1 . 1 . 2  IN T E R N A L  V ER S U S E X T E R N A L  ECO N O M IES
I n  t h i s  t h e o r e t i c a l  a n a l y s i s  we n e e d  t o  d i s t i n g u i s h  b e tw e e n  
e c o n o m ie s  o f  s c a l e  t h a t  a r e  i n t e r n a l  t o  t h e  f i r m  a n d  t h o s e  t h a t  a r e  
e x t e r n a l  t o  t h e  f i r m .  I n  t h e  f o r m e r  c a s e  a  s i n g l e  f i r m  w i l l  d o m in a te  
t h e  e n t i r e  i n d u s t r y .  A s  a  p r o f i t - m a x i m i z i n g  m o n o p o ly  t h a t  f i r m  w i l l  
s e t  p r i c e  a b o v e  m a r g i n a l  c o s t .  H o w e v e r , f o r  t h i s  t o  b e  p o s s i b l e  i n  
i n t e r n a t i o n a l  t r a d e  i t  m ay  b e  n e c e s s a r y  t h a t  t h e  p r o d u c e r  i s  s o m e t im e s  
p r o t e c t e d  b y  a  b a r r i e r  t h a t  p r e v e n t s  i m p o r t s .  T h i s  b a r r i e r  c o u l d  b e  a  
t a r i f f  o r  t r a n s p o r t  c o s t s .  I n  t h e  a l t e r n a t i v e  c a s e  w h e r e  e c o n o m ie s  o f  
s c a l e  a r e  e x t e r n a l  t o  t h e  f i r m  ( t h o u g h  i n t e r n a l  t o  t h e  i n d u s t r y )  
p e r f e c t  c o m p e t i t i o n  p r i c i n g  m a y  p r e v a i l .  We w i l l  b e g i n  w i t h  t h i s  t y p e  
o f  s c a l e  e c o n o m ie s  a n d  l a t e r  d i s c u s s  t h e  e c o n o m ie s  i n t e r n a l  t o  t h e  f i r m .
1 . 2  ECO N O M IES E X T E R N A L  TO T H E  F IR M  B U T  IN T E R N A L  TO T H E  IN D U S T R Y
1 . 2 . 1  T H E  P O S S I B I L I T Y  O F IN T E R N A T IO N A L  S P E C IA L IZ A T IO N
A t  t h e  o u t s e t  on e  s h o u ld  a s k  t h e  f o l l o w i n g  q u e s t i o n :  w o u ld  t r a d e  
u n d e r  i n c r e a s i n g  r e t u r n s  t o  s c a l e  b r i n g  a  g a i n  t o  t h e  c o u n t r i e s  i n v o l v e d ?  
We m ake u s e  o f  a  g e n e r a l  e q u i l i b r i u m  a n a l y s i s  i l l u s t r a t e d  w i t h  p r o d u c t io n  
p o s s i b i l i t y  c u r v e s .  T h e  p r o d u c t i o n  p o s s i b i l i t y  w i l l  b e  c o n v e x  i f  t h e r e  
a r e  s u f f i c i e n t l y  s t r o n g  i n c r e a s i n g  r e t u r n s  t o  s c a l e  i n  a l l  i n d u s t r i e s  
o v e r  a l l  l e v e l s  o f  o u t p u t ’*'.
A s  sh o w n  i n  f i g u r e  1 ,  Q E i s  t h e  p r o d u c t io n  p o s s i b i l i t y  c u r v e  f o r  
g o o d s  X  a n d  Y .  I n  t h e  a b s e n c e  o f  t r a d e  t h e  c o u n t r y ’ s  p r o d u c t i o n  d e p e n d s  
o n  i t s  dem and c o n d i t i o n s ,  a s  r e f l e c t e d  i n  t h e  i n d i f f e r e n c e  c u r v e  I I .
■*"0n  t h e  o t h e r  h a n d ,  i f  som e r a n g e s  o f  o u t p u t  a r e  p r o d u c e d  u n d e r  i n c r e a s i n g  
r e t u r n s  a n d  o t h e r s  u n d e r  d e c r e a s i n g  r e t u r n s  t h e  p r o d u c t io n  p o s s i b i l i t y  
c u r v e  m a y  b e  c o n v e x  i n  som e p a r t s  a n d  c o n c a v e  i n  o t h e r s ,  a n d  i n  s u c h  c a s e s  
t h e  s t a b i l i t y  o f  e q u i l i b r i u m  w o u ld  h a v e  t o  b e  q u e s t i o n e d .  E a r l i e r ,  
T im b e r g e n  a r r i v e d  a t  t h e  sam e c o n c l u s i o n  r e g a r d i n g  t h e  s t a b i l i t y  a n d  i n ­
s t a b i l i t y  o f  t h e  e q u i l i b r i u m  p o i n t s  u s i n g  a  p r o d u c t io n  c u r v e  c o n v e x  i n  
som e p a r t s  a n d  c o n c a v e  i n  o t h e r s . T h i s  i s  c a l l e d  t h e  m ix e d  p r o d u c t io n  
c u r v e .  T h i s  p o i n t  w a s m ade i n  J .  T im b e r g e n ,  I n t e r n a t i o n a l  E c o n o m ic s  C o -  
O p e r a t i o n ,  A m s te rd a m , 19h%»
W it h  i n t e r n a t i o n a l  t r a d e  t h e  c o n s u m p t io n  p o s s i b i l i t i e s  a r e  h i g h e s t  i f  
a l l  r e s o u r c e s  a r e  d e v o t e d  t o  t h e  p r o d u c t io n  o f  e i t h e r  o n e  o f  t h e  tw o
i
g o o d s .
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1 . 2 . 2  T H E  S T A B I L I T Y  O F  IN T E R N A T IO N A L  E Q U IL IB R IU M
We now  e x a m in e  w h e t h e r  t h e  e q u i l i b r i u m  c a n  b e  a  s t a b l e  o n e .  We 
m a k e  u s e  o f  t h e  o f f e r  c u r v e  i n  a n a l y s i n g  t h e  e q u i l i b r i u m .  U n d e r  
i n c r e a s i n g  r e t u r n s  t h e r e  m ay b e  a  p r o b le m  i n  t h a t  a  g i v e n  t e r m  o f  t r a d e  
m a y  n o t  i n d i c a t e  t h e  l i n e  o f  s p e c i a l i z a t i o n .  T o  i l l u s t r a t e ,  t h e  l i n e  
CQ i n  f i g u r e  2 i s  d r  a im  p a r a l l e l  t o  i n d i c a t i n g  t h e  sam e  t e r m s  o f
t r a d e .  C o m p le t e  s p e c i a l i z a t i o n  i s  now p o s s i b l e  i n  e i t h e r  c o m m o d ity  Y  
o r  X .  r e p r e s e n t s  a  p o s s i b l e  e q u i l i b r i u m  w i t h  in c o m p l e t e  s p e c i a l ­
i z a t i o n .  T h e  t h r e e  p o s s i b l e  e q u i l i b r i a  a r e  sh o w n  b y  R ,  R . ^  a n d  i n  
f i g u r e  3 . T T ^  i s  t h e  c o u n t r y !s  t e r m  o f  t r a d e  a n d  E E ^  i t s  o f f e r  c u r v e .

5.
T h e  s u b j e c t  o f  s t a b i l i t y  a n d  i n s t a b i l i t y  c a n  b e  m ad e  c l e a r e r  i n  
t h e  c a s e  o f  tw o c o u n t r i e s 1 o f f e r  c u r v e s .  F i g u r e  k  r e p r e s e n t s  t h i s  c a s e ;  
t o  i l l u s t r a t e ,  E O E ^  i s  c o u n t r y  E * s  o f f e r  c u r v e ,  GOG^ i s  c o u n t r y  G f s .  I f  
i n c r e a s i n g  r e t u r n s  p r e v a i l  i n  t h e  r e s t  o f  t h e  w o r ld  ( c o u n t r y  G ) ,  t h e  
i n t e r n a t i o n a l  e q u i l i b r i u m  w i l l  b e  d e f i n e d  b y  t h e  i n t e r s e c t i o n  o f  tw o  
s i m i l a r l y  s h a p e d  o f f e r  c u r v e s  ( i . e .  E O E ^  a n d  G O G ^ ).
T h e  i n t e r s e c t i o n  o t h e r  t h a n  a t  t h e  o r i g i n  m a y  b e  m u l t i p l e  o r  
u n i q u e ,  b u t  t h r e e  p o i n t s  o f  i n t e r s e c t i o n  c a n  b e  s e e n ,  n a m e ly  sincl
. W h ile  R a n d  1% r e p r e s e n t  s t a b l e  e q u i l i b r i a 3"; p o i n t  I t , r e p r e s e n t s  
u n s t a b l e  e q u i l i b r i u m .  T h i s  i s  s i m i l a r  t o  t h e  c a s e  w h e r e  i n i t i a l l y  b o t h
^ T h e  s t a b i l i t y  o f  e q u i l i b r i u m  s h o u ld  s a t i s f y  t h e  f i r s t  a n d  s e c o n d  o r d e r  
c o n d i t i o n  o f  t h e  m a r g i n a l  c o s t s .  F u r t h e r m o r e ,  e q u i l i b r i u m  w i l l  b e  
s t a b l e  i f  E O E ^  c u t s  GOG, f r o m  a b o v e  i n  t h e  f i r s t  q u a d r a n t  a n d  f r o m  b e lo w  
i n  t h e  t h i r d  q u a d r a n t .
6.
c o u n tr ie s  are s e l f - s u f f i c i e n t  and when th e  b a r r iers  t o  tra d e  are th en  
su d d en ly  l i f t e d .  Two p o s s i b i l i t i e s  may th en  emerge; th e  f i r s t  i s  th a t  
i f  b o th  c o u n tr ie s  are o f  a s im ila r  s i z e ,  and provided  th a t  th e  c o s t  
c o n d it io n s  are a ls o  s im i la r ,  w ith  trad e com plete s p e c ia l iz a t io n  w i l l  be  
reached  in  b oth  c o u n tr ie s .  Every country  w i l l  s p e c ia l iz e  in  the  
commodity in  w hich i t  has th e  com parative c o s t  advantage a t  th e  m argin, 
and eq u ilib r iu m  may be s ta b le  in  b oth  c o u n tr ie s  ( i . e .  p o in ts  R and R-^  
in  f ig u r e  U ). The secon d  p o s s i b i l i t y  i s  th a t  i f  th e  two c o u n tr ie s  are  
o f  m arkedly d i f f e r e n t  s i z e s ,  th en  one country (th e  sm a ll)  may reach  
e q u ilib r iu m  b e fo r e  th e  o th er  ( th e  la r g e ) .  In t h is  ca se  w h ile  com plete  
s p e c ia l iz a t io n  i s  p o s s ib le  in  one cou n try  and cou ld  le a d  to  a s ta b le  
eq u ilib r iu m , th e  o th er  may n ot be ab le  to  reach  th e  com plete s p e c ia l i z ­
a t io n  p o s i t io n ,  and w i l l  produce some o f  b o th  com m odities. Provided  
th a t  e i t h e r  one o f  th e  two com m odities has r e l a t i v e l y  cheap p rod u ction  
c o s t s  and was ab le  to  reduce average c o s t  by more p ro d u ctio n , t h is  
in com p lete  s p e c ia l iz a t io n  would be bound to  be u n sta b le  ( i . e .  p o in t  Rg 
in  f ig u r e  J+) • I t  co u ld  a ls o  be p o s s ib le  t h a t ,  a t  Rg, n e ith e r  country  
i s  co m p le te ly  s p e c ia l iz e d .  Whereas Matthews’*- p o in te d  out th a t  com plete
p
s p e c ia l iz a t io n  does n o t n e c e s s a r i ly  mean s ta b le  e q u ilib r iu m , Kemp 
s t a t e s  t h a t ,  as a g e n e r a l r u le ,  incom p lete  s p e c ia l iz a t io n  i s  in c o n s is t e n t  
w ith  s t a b i l i t y .  What i s  im portant i s  whether or n ot the cou n try  i s  
co m p le te ly  s p e c ia l iz e d .
1 .2 .3  THE GAIN FROM TRADE UNDER VARIABLE RETURNS TO SCALE
H ith er to  we have d isc u sse d  p rod u ction  p a tte r n s  and th e  q u e stio n  
o f  s p e c ia l iz a t io n  in  tra d e  model working under v a r ia b le  re tu rn s to  s c a l e .
1  ' ' ‘
R.C.O. M atthews, ’R e c ip ro ca l Demand and In c r ea s in g  R eturn’, Review o f
Economics and S t a t i s t i c s .  February 195>0........................................................ ..
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M.C. Kemp, The Pure Theory o f  I n te r n a t io n a l Trade, P r e n tic e  H a ll,
196b .
T h e  q u e s t i o n  a r i s e s  w h e t h e r  a  c o u n t r y  m ay g a i n  f r o m  t r a d e  u n d e r  
v a r i a b l e  r e t u r n s  t o  s c a l e .  Two p o s s i b i l i t i e s  m ay b e  d i s t i n g u i s h e d .
A L L  IN D U S T R IE S  W O RKIN G W IT H  IN C R E A S IN G  R ETU R N S TO S C A L E  
T h e  u s u a l  v i e w  i s  t h a t  w i t h  d i m i n i s h i n g  c o s t s  w h a t e v e r  t h e  t e r m s  
o f  t r a d e ,  e a c h  c o u n t r y  c a n  g e t  a  h i g h e r  s a t i s f a c t i o n  l e v e l  a f  c o n s u m p t io n  
p o s s i b i l i t i e s ,  i f  s p e c i a l i z a t i o n  i s  c o m p le t e  ( F i g u r e  9 ) *
E v e r y  c o u n t r y  ( A  o r  B )  w i l l  s p e c i a l i z e  i n  o n e  g o o d  ( X  o r  Y ) ,  
a n d  w i l l  c h o o s e  a  d i f f e r e n t  p o i n t  o f  p r o d u c t io n  f r o m  t h e  o t h e r  ( e  a n d  
Q ) ,  a n d  d i f f e r e n t  p o i n t  o f  c o n s u m p t io n  ( R  a n d  R ^ ) .  B y  e x c h a n g in g  t h e  
g o o d s  t h a t  h a v e  t h e  lo w e r  c o s t s  o f  p r o d u c t io n  t h e y  w o u ld  a t t a i n  h i g h e r  
l e v e l s  o f  c o n s u m p t io n .
SOME IN D U S T R IE S  W ORKING W IT H  IN C R E A S IN G  R ETU RN S TO S C A L E ,  AND 
O TH ER S W IT H  D E C R E A S IN G  R E T U R N  TO S C A L E
M ore c o m p l i c a t i o n s  a r i s e  i f  o n e  o f  t h e  i n d u s t r i e s  o p e r a t e  u n d e r
i n c r e a s i n g  a n d  t h e  o t h e r  u n d e r  d e c r e a s i n g  m a r g i n a l  c o s t s .  T h e  
p r o d u c t i o n  p o s s i b i l i t y  c u r v e  w i l l  b e ( c o n v e x  o v e r  som e r a n g e s  a n d  c o n ­
c a v e  o v e r  o t h e r s .  I n  s u c h  c a s e s  t h e  g a in s  f r o m  i n t e r n a t i o n a l  t r a d e  
a r e  g m b ig u o u s .
I n  f i g u r e  6 ,  S T  i s  t h e  p r o d u c t i o n  p o s s i b i l i t y  c u r v e  w h ic h  h a s  t h e  
r a n g e  S P  c o n c a v e  a n d  P T  c o n v e x  t o  t h e  o r i g i n ,  i n  w h ic h  c a s e  t h e  c o u n t r y  
c a n  p r o d u c e  a t  a n y  p o i n t  b e t w e e n  S  a n d  P ,  a n d  t h e  c o n s u m p t io n  a n d  t h e  
p r o d u c t i o n  p o i n t  w i t h o u t  t r a d e  c a n  b e  p o in t  P  w i t h  T P  p r i c e .  B u t  a t  
t h i s  p r i c e  ( T P = T ^ P ^ )  t h e r e  i s  a n o t h e r  c o n s u m p t io n  a n d  p r o d u c t i o n  p o i n t  
( f % )  b y  w h ic h  t h e  c o u n t r y  c a n  h a v e  a  lo w e r  s a t i s f a c t i o n  l e v e l  ( t h i s  
p o i n t  l i e s  o n  t h e  i n c r e a s i n g  r e t u r n s  t o  s c a l e  r a n g e  T P )  • W it h  t h e  i n t r o ­
d u c t i o n  o f  t r a d e ,  a n d  a l l  p r i c e s  lo w e r  t h a n  t h e  s l o p e  o f  T P ,  a  s t a b l e  
p r o d u c t i o n  e q u i l i b r i u m  w i l l  b e  f o u n d  b e tw e e n  P  a n d  S ;  t h e  c o n s u m p t io n  
p o i n t s  w i l l  b e  e i t h e r  o n  t h e  o u t s i d e  o f  t h e  p r o d u c t i o n  c u r v e ,  o r  i n  
b o r d e r l i n e  c a s e s ,  o n  t h e  c u r v e  i t s e l f .  T h e r e f o r e  t h e  s a t i s f a c t i o n  t r i l l
be a t  l e a s t  as g r e a t as b e fo re  th e  e x is te n c e  o f  in te r n a t io n a l  tr a d e .
For p r ic e s  h ig h er  than th e  s lo p e  o f  TP, e . g .  TW, T w i l l  be one 
p o s s ib le  p rod u ction  p o in t , w i l l  be th e  correspond ing  consum ption  
p o in t  which l i e s  on TV/, and h en ce , apart from the b o r d e r lin e  c a s e s ,  we 
w i l l  have a h ig h er  s a t i s f a c t io n  l e v e l  than in  th e  absence o f  in t e r ­
n a t io n a l  tr a d e . -But th e re  are some p r ic e s  in  t h i s  range which have two 
e q u ilib r iu m  p o in ts  such th a t  T and V w ith  consum ption p o in ts  and 
C r e s p e c t iv e ly ,  w ith  C having  a low er s a t i s f a c t io n  consum ption l e v e l .
Tirribergen put a c o n d it io n  to  be s a t i s f i e d  fo r  a cou n try  to  ga in  
from tra d e; t h i s  i s  th e  a v a i l a b i l i t y  o f  p e r fe c t  market know ledge. On 
th e  o th er  hand O hlin asks what e f f e c t  the e x te n s io n  o f  tra d e  caused  
from i n d i v i s i b i l i t i e s  le a d in g  to  econom ies o f  la r g e  s c a le  o f  p rod u ction  
has an in te r n a t io n a l  trad e?  Such trad e  means th a t  th e  in d u s tr y  i s  
organ ised  so  as to  u se i t s  agen ts more e f f i c i e n t l y ,  and th e  e f f e c t  o f  
la r g e - s c a le  p rod u ction  i s  th a t  th e  d isadvantage a r is in g  from the la c k  
o f  i n d i v i s i b i l i t y  are s u b s t a n t ia l ly  reduced .
1 .3  ECONOMIES OF SCALE INTERNAL TO THE FIRM
When th e  econom ies are in te r n a l  to  the firm  a s in g le  producer  
w i l l  e v e n tu a lly  dom inate th e  e n t ir e  in d u stry  and monopoly p r ic in g  w i l l  
p r e v a i l .  The m on op o list w i l l  s e t  p r ic e  above m arginal c o s t ,  producing  
l e s s  than th e  s o c ia l  optimum output and making monopoly p r o f i t s .  In  
such s i t u a t io n s  an in t e r e s t in g  p o s s i b i l i t y  a r is e s  -  when th e  a b i l i t y  to  
exp ort may depend on th e  e x is t e n c e  o f  a dom estic m arket. This p o s s i b i l i t y  
was p o in te d  out b y  B a s e v i \  The in d u str y  cannot exp ort w ith o u t in c u r r in g  
any lo s s e s  i f  i t s  minimum average c o s t s  are h igh er  than i t s  import p r i c e .
To i l l u s t r a t e ,  in  f ig u r e  7 th e  im port p r ic e  i s  OP^. The p e r f e c t ly
G. B a se v i, 'Dom estic Demand and t h e - A b i l i t y  to  E x p o rt', Journal o f  
P o l i t i c a l  Economy, 7 8 , pp . 330 -337 , 1970 . ■■—— —
e l a s t i c  f o r e i g n  d e m a n d  i s  b e lo w  L R A C  a t  a l l  l e v e l s .  Th e  i n d u s t r y
c a n n o t  e n t e r  t h e  f o r e i g n  m a r k e t .  T h e  e x i s t e n c e  o f  a  d o m e s t ic  m a r k e t ,  
h o w e v e r ,  m ay c h a n g e  t h e  s i t u a t i o n .  Th e  p r o d u c e r  s h o u ld  b e  p r o t e c t e d  b y  
a  b a r r i e r  t o  p r e v e n t  i m p o r t s ;  h e  c a n  t h e n  p u r s u e  a  d i s c r i m i n a t o r y  p r i c i n g  
p o l i c y  i n  t h e  d o m e s t ic  m a r k e t  i n  o r d e r  t o  e x p o r t  a n d  m ake a  m axim um  
p r o f i t .
d d  i s  t h e  home d e m an d  c u r v e  a n d  s o  w i t h  e x p o r t  t h e  m a r g i n a l
r e v e n u e  w i l l  b e  k in k e d  a n d  sh o w n  b y  r q p ^ .  The  p r o d u c e r  w i l l  c h a r g e  a
h i g h e r  p r i c e  i n  t h e  d o m e s t i c  m a r k e t  t h a n  i n  t h e  f o r e i g n  m a r k e t .  He w i l l
e q u a t e  m a r g i n a l  c o s t  w i t h  m a r g i n a l  r e v e n u e  i n  e a c h  m a r k e t ,  p r o d u c e  O Q ^,
s e l l  OQ^ a t  hom e a n d  e x p o r t  Q-^Q^. Th e  n e t  p r o f i t s  w o u ld  b e  t h e  d i f f e r e n c e
b e t w e e n  h i s  m o n o p o ly  p r o f i t s  g a in e d  a t  home w i t h  p r i c e  O a , a n d  t h e  l o s s e s
i n c u r r e d  I n  e x p o r t  w i t h  p r i c e  T h i s  s o l u t i o n  i s  p o s s i b l e  o n l y  i f  t h e
m o n o p o l is t  c a n  c h a r g e  d i s c r i m i n a t o r y  p r i c e s .  T h i s  c a n  b e  d o n e  b y  a n
im p o r t  t a r i f f  s u f f i c i e n t l y  h i g h  t o  k e e p  t h e  d o m e s t i c  p r i c e  a t  O a , H o w e v e r ,
f r o m  t h e  v i e w p o i n t  o f  t h e  c o u n t r y  a  b e t t e r  s o l u t i o n  i s  t o  h a v e  f r e e  t r a d e
a n d  t o  g i v e  a  lu m p -su m  s u b s i d y  e q u a l  t o  e L P  N s o  a s  t o  c o v e r  t h e  d i f f e r e n c e
w
b e t w e e n  t h e  w o r l d  p r i c e  a n d  a v e r a g e  c o s t s .  T h e  home p r i c e  w o u ld  f a l l  t o
OP a n d  t h e  n e t  w e l f a r e  g a i n  w o u ld  b e  t h e  t r i a n g l e  qbM .
A n  a l t e r n a t i v e  q u e s t i o n  r a i s e d  b y  C o r d o n 1 ,  i s  w h e t h e r  e x p o r t  i s  a  
p r e r e q u i s i t e  t o  p r o d u c t i o n  f o r  t h e  d o m e s t ic  m a r k e t ?  T h e  im p o r t a n t  p o i n t  
s t i l l  r e m a in s ,  t h a t  b e c a u s e  o f  e c o n o m ie s  o f  s c a l e ,  a d d in g  o n e  m a r k e t  w hen  
t h e  o t h e r  i s  g i v e n ,  a lw a y s  r e d u c e s  c o s t s .
^ G . B a s e v i ,  p . 3 3 2 .
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CHAPTER 2 l
T H E  C O N C EP T  O F ECO N O M IES O F S C A L E
2 . 1  T H E  M EANIN G O F  ECO N O M IES O F S C A L E
I n d u s t r i a l  e c o n o m ic s  l i t e r a t u r e  h a s  sh o w n  t h a t  c o s t  -  c u r v e s  
u n d e r  c o n d i t i o n s  o f  i n c r e a s i n g  r e t u r n s  t o  s c a l e  m ay b e  o f  tw o  t y p e s .
T h e  f i r s t  t y p e  i s  a n  L  s h a p e d  c o s t  -  c u r v e 3-. C o s t s  d e c l i n e  w i t h  t h e  
i n c r e a s i n g  s c a l e  o f  p l a n t  u p  t o  som e p o i n t ,  w h e r e a s  t h e  c o s t  r e d u c t i o n s  
c e a s e  i f  t h e  s c a l e s  o f  p l a n t s  a r e  i n c r e a s e d  s t i l l  f u r t h e r .  T h i s  i s  
sh o w n  i n  f i g u r e  1 .  A v e r a g e  c o s t s  f a l l  o v e r  t h e  r a n g e  a  t o  b  b u t  b e co m e  
c o n s t a n t  t h e r e a f t e r .  Th e  s c a l e  o f  p l a n t s  ( o r  o u t p u t )  a t  w h ic h  t h e  
lo w e s t  a t t a i n a b l e  u n i t  c o s t s  o b t a i n ,  i . e .  O B , i s  r e f e r r e d  t o  a s  t h e  
o p tim u m  s c a l e .
TOTAL 
COSTS
T h e  l o n g - r u n  u n i t  c o s t s  c u r v e  (s o m e t im e s  c a l l e d  t h e  p l a n n i n g  c u r v e ,  s e e
F .M . S c h e r e r ,  Th e  E c o n o m ic s  o f  M u l t i - P l a n t  O p e r a t i o n ,  A n  I n t e r n a t i o n a l  
C o m p a r is o n s  S t u d y ,  H a r v a r d  U n i v e r s i t y  P r e s s ,  C a m b r id g e ,  M a s s . ,  1 9 7 £ ,  p . 1 9 )  
i s  s u g g e s t e d  b y  V i n e r  ( s e e  J .  V i n e r ,  Th e  L o n g  V ie w  a n d  t h e  S h o r t ,  G le n c o e ,  
1 9 ! ? 8 ) .  I t  i s  t h e  l o c u s  o f  u n i t  c o s t s  o f  p l a n t s  o f  v a r y i n g  s i z e ,  a n d  
c o n s i s t s  o f  t h e  lo w e r - b o u n d  e n v e lo p e  o f  a l l  s h o r t - r u n  c o s t  f u n c t i o n s .
A s  s u c h  i t  d o e s  n o t  s p e c i f y  w h a t  u n i t  c o s t s  w i l l  b e  i f  a  p l a n t  i s  
o p e r a t e d  w e l l  b e lo w  i t s  p la n n e d  o u t p u t .
13.
The secon d  typ e o f  d ec r ea s in g  c o s t-c u r v e  i s  continuously- 
d e c lin in g  as in  th e  costs-curve'*' ( f ig u r e  2 ) .  C osts under such  
c o n d it io n s  w i l l  always d ecrea se  as we move from a sm a ller  s c a le  to  a 
large .r  on e . This type o f  c o s ts -c u r v e  has been assumed in  the in t e r ­
n a t io n a l  trad e  s tu d ie s  o f  B a se v i and o th e r s . There are two su b -c a se s  to  
be d is t in g u is h e d :  i f  d e c r ea s in g  e o s ts -c u r v e  e l a s t i c i t y  i s  c o n s ta n t , the  
curve w i l l  be shaped l ik e  a^ b-^; a l t e r n a t iv e ly  the curve w i l l  be shaped  
l i k e  ab i f  we have a c o n tin u o u s ly  d ecrea sin g  e l a s t i c i t y .
TOTAL 
COSTS
FIG. 2
This was m entioned f i r s t  by  Hufbauer, s e e  G. Hufbauer, 'The Impact o f  
N a tio n a l C h a r a c te r is t ic s  and Technology on the Commodity Com position o f  
Trade in  M anufactured G oods', in  R. Vernon, The Technology F actor in  
I n te r n a t io n a l Trade, New York, 1970; se e  a lso  G. B a se v i, 'Dom estic  
Demand and th e  A b i l i t y  o f  E x p o rt', Journal o f  P o l i t i c a l  Economy ?8 ,
PP. 330 -337 , 1970 .
REAL ECONOMIES OF SCALE; (th e  q u a n t if ie s  o f  fa c to r s  u sed  per u n it  o f
output may d ecrea se  as output in c r e a s e s )  o f  la r g e  s c a le  p rod u ction  and 
d is t r ib u t io n ,  and an op tim al s c a le  may su p p ly  a s ig n i f i c a n t  share o f  
th e  m arket.
PECUNIARY-ECONOMIES OF SCALE. These in c lu d e  monetary econom ies
and a d v e r t is in g  econ om ies. The d i s t in c t io n  betw een r e a l  and pecuniary
econom ies som etim es a ls o  le a d s  to  a d i s t in c t io n  betw een econom ies o f
s c a le  a t  th e  p la n t  l e v e l  and econom ies o f  s c a le  a t  th e  firm  l e v e l 1 .
Bain a s s o c ia te d  p ecu n ia ry  econom ies w ith  firm s o n ly , b ecau se  he argued
th a t  a s in g le  p la n t  w i l l  n o t o r d in a r ily  be la r g e  enough to  tak e
advantage o f  th e se  econ om ies. This d is t in c t io n  has a l s o  been  r e co g n ise d
2
by some e m p ir ic a l r e se a r c h  in  in te r n a t io n a l  tra d e  •
A d i s t in c t io n  may a ls o  be made betw een s t a t i c  and dynamic 
econom ies o f  s c a l e .  The l a t t e r  a r is e  from th e e f f e c t  o f  lea r n in g  b y  
d o in g . The d i s t in c t io n  i s  th a t  whereas th e  s t a t i c  econom ies are  
gen era ted  from in c r e a s e s  in  o u tp u t, and tim e p la y s no r o le  in  red u cin g  
average c o s t s ,  th e  dynamic econom ies are req u ired  over t im e . M oreover, 
whereas th e  s t a t i c  econom ies are r e v e r s ib le ,  th e  dynamic are n ot . The 
l i t e r a t u r e  on in c r e a s in g  r e tu r n s  in  in te r n a t io n a l  trad e m odels fo c u ss e s  
m ain ly  on s t a t i c  econ om ies. Our a n a ly s is  l ik e w is e  w i l l  be c o n fin ed  to  
s t a t i c  econ om ies.
X — ~ ■ - ■ - - -
This i s  a m u lt i p la n ts  f irm  w hich i s  u s u a l ly  la r g e r  than  a s in g le  p la n t ,  
and may have b u i l t  two or more p la n ts  or a c o l l e c t io n  o f  p la n t  f a c i l i t i e s  
o f  op tim a l s i z e  on a s in g le  s i t e ,  w ith ou t in c u r r in g  any c o s t  d isadvantage  
or advantage over a s in g le  p la n t  o f  op tim al minimum s i z e .  A p la n t i s  
g e n e r a lly  counted  a s  th e  aggrega te  o f  p rod u ction  f a c i l i t i e s  a t  a s in g le  
lo c a t io n *
2
N ich o la s  Owen, ’S c a le  Economies in  th e  EEC’ , European Economic Review 7 -  
1976, North H olland P u b lish in g  Company; s e e  a ls o  Simon T e i t e l ,  ’Economies 
o f  S c a le  and S iz e  o f  P la n t ’ ,  Journal o f  Common Market S tu d ie s , V o l. 13 , 1975
Economies o f sca le  can be c la s s i f ie d  in  the  fo llow ing  ways:
■"liT.M. Cordon, Trade P o l ic y  and Economic W elfare, O xford, 197i|., Chapter 9 ,  
r*Infant In d u stry  Argument”,  p p .250-275 .
2 .2  THE SOURCES OP SCALE ECONOMIES
We now c o n s id er  th e  v a r io u s  spurces o f  s c a le  econom ies. A u s e fu l  
and con ven ien t c l a s s i f i c a t i o n  i s  th a t  o f  S U b e r s to n 3*. He d is t in g u is h e s  
among th ree  so u r c es  o f  econom ies:
a .  Economies which a f f e c t  c a p i t a l  c o s t s
b .  Economies which a f f e c t  o p era tin g  c o s t s
' c .  Economies which a f f e c t  c a p i t a l  and o p era tin g  c o s ts
The f i r s t  source in c lu d e s  i n i t i a l  f ix e d  c o s t s  which may be co n sta n t
w hatever the s c a le  o f  o u tp u t. The la r g e r  th e  t o t a l  o u tp u t, th e  low er w i l l
be th o se  c o s t s . This c a te g o r y  in c lu d e s  a ls o  working c a p i t a l  fo r  in c re a se d
s c a le  which may le a d  to  s to c k  econom ies. The second sou rce in c lu d e s
s p e c ia l i s a t io n  o f  labour and sa v in g s  in  o p era tin g  c o s t s .  I t  may a ls o
amalgamate s e v e r a l  s ta g e s  o f  p rod u ction  v e r t i c a l l y  w ith o u t lo s in g  econom ies
a t  ev ery  s t a g e .  C a p ita l c o s t s  and o p era tin g  c o s ts  may be low er w ith  a h igh er  
r a te  o f  output and w ith  s p e c ia l i s e d  te c h n iq u e s .
2 .3  MEASURING SCALE ECONOMIES
In order to  measure s c a le  economies we need t o  know how c o s ts
change as output ch an ges. C osts are made up o f  raw m a te r ia ls  and s e r v ic e s  
purchased , wages and s a la r i e s  and c a p i t a l  em ployed. The v a lu a t io n  o f  
m a te r ia ls ,  s e r v ic e s  and labour are g e n e r a lly  s tr a ig h tfo r w a r d . These are  
th e  p r ic e s  p a id  fo r  e v e ry  fa c to r  o f  p ro d u ctio n . But e v a lu a tin g  the c o s t  
o f  c a p i t a l  i s  r a th er  more com plex. As th e  c o s t  o f  c a p i t a l  m aybe spread  
over a number o f  p e r io d s , a d i f f i c u l t y  a r is e s  in  th a t  th e  c a p i t a l  c o s t  
f ig u r e  accounted  fo r  any p e r io d  may d i f f e r  betw een firm s depending on 
( i )  th e  d i f f e r e n t  d e p r e c ia t io n  methods used  by d i f f e r e n t  f ir m s, and ( i i )  
th e  l i f e - s p a n  over w hich th e  c o s t  o f  c a p ita l  i s  spread which in  tu rn  may
^A. S i lb e r s to n , 'Economies o f  S c a le  in  Theory and P r a c t i c e ' ,  S p e c ia l  
31ssue, 82, Economic Jou rn a l, 1972 , pp. 369 -391 .
w i l l  l a s t  p h y s ic a l ly  or econom ically^. This com p lex ity  o f  e v a lu a tin g
c a p i t a l  c o s t  makes a d ir e c t  com parison o f  c o s ts  o f  d i f f e r e n t  s iz e d
1
p la n ts  and firm s always s u b je c t  to  a m argin o f  e r r o r  . Because o f  th xs
many r e se a r c h e rs  have employed in d ir e c t  methods o f  s tu d y in g  th e  e f f e c t  
2
o f  s c a le  on c o s t s  .
r e f l e c t  d i f f e r e n c e s  i n  t h e  f i r m ' s  e s t i m a t e  o f  how  l o n g  t h e  e q u ip m e n t
There are m ain ly  th r ee  such  m ethods, b y  which I  c l a s s i f y  them, 
under th r e e  groups depending on w hether th e  c o s t  curve im p l ic i t  in  th e  
methods i s  assumed to  be U-shaped, L-shaped, or c o n tin u o u s ly  f a l l i n g .
1      ^  '    — —
-The charge by which th e  c o s t  o f  f ix e d  a s s e t s  i s  spread over t h e ir  u s e fu l  
l i v e s  i s  made up o f  two com ponents, th e  p h y s ic a l wear and t e a r ,  and 
o b s o le s c e n c e , which i s  determ ined by improvements to  new c a p i t a l  equipm ent. 
The t o t a l  charge fo r  d e p r e c ia t io n  during the l i f e  o f  an a s s e t  i s  the c o s t  
o f  th e  a s s e t  l e s s  any f i n a l  r e s a le  or scrap  v a lu e . There are t h e o r e t ic a l  
and p r a c t ic a l  problem s con cern in g  the a l lo c a t io n  o f  th e  charge fo r  
d e p r e c ia t io n  and in t e r e s t  on c a p i t a l  over th a t  o f  an a s s e t .  A problem may 
a r is e  in  th e  v a lu a t io n  o f  th e  f ix e d  c a p ita l  o f  a p la n t b u i l t  up over a 
p er io d  o f  t im e . By ta k in g  th e  o r ig in a l  c o s t  o f  each  a s s e t  t o  b ase  th e  
c a p i t a l  ch arges on, we may ign ore  any change in  th e  l e v e l  o f  p r ic e s  s in c e  
th e  a s s e t  was a cq u ired . In p r a c t ic e ,  companies e s t im a te s  o f  c o s t s ,  
in c lu d in g  t h e ir  e s t im a te s  o f  d e p r e c ia t io n  are o f t e n  u sed , and fo r  e s t im a tin g  
d e p r e c ia t io n , accou n tan ts g e n e r a lly  estim a te  th e  l i f e s  o f  a s s e t s  on a 
c o n se r v a tiv e  b a s is  and w r ite  o f f  f ix e d  a s s e t s  by co n sta n t annual d e p r e c ia t io n  
c h a r g e s . The d e c is io n  to  a ccep t th e  l a t t e r  method o f  c a lc u la t in g  
d e p r e c ia t io n  i s  a m a tter  o f  exp ed ien cy  and i t s  e s t im a te s  are th e  most l i k e l y  
sou rce o f  erro r  in  c a p i t a l  c o s t s ,  e s p e c ia l ly  in  la r g e  firm s or p la n ts  where 
th e y  use c a p i t a l  in te n s iv e  te c h n iq u e s . The s e le c t io n  o f  th e  r a te s  o f  
i n t e r e s t  in  most c a s e s  seems to  be a r b itr a r y . C on sid era tion s should be made 
a lso  when we d e a l w ith  p la n ts  o f  d i f f e r e n t  v in ta g e ;  som etim es firm s b u i ld  up 
c a p a c ity  by adding new m achines to  ex ten d  t h e ir  p la n t s ,  r a th e r  than b u ild in g  
c o m p le te ly  new p la n t s .  In t h i s  case  we have to  id e n t i f y  which type o f .  
e stim a te  i s  th e  r e le v a n t  one, i . e .  whether th e  e s tim a te  fo r  c a p ita l  c o s t s  
sh ou ld  be based  on new or e x is t in g  p la n ts  which in c lu d e  th e  o ld  as w e l l  as 
th e  new m ach ines.
2A d ir e c t  com parison o f  c o s ts  in  d i f f e r e n t  s iz e d  p la n ts  was undertaken by  
J . Johnston, S t a t i s t i c a l  Cost A n a ly s is , New York: McGraw H i l l ,  I960; A. 
S ilb e r s to n  has used  a ls o  a d ir e c t  com parison method in ,- 'Economies o f  S ca le  
in  Theory and P r a c t ic e , Economic Journal, 1972, p p .3 6 9 -3 9 1 .
U-SHAPED COST CURVES 
i .  THE SURVIVOR PRINCIPLE
This method was f i r s t  u sed  b y  S t ig l e r  . I t s  fundam ental 
p o s tu la te  i s  th a t  c o m p etitio n  betw een d i f f e r e n t  p la n ts  w i l l  s i f t  out th e  
l e s s  e f f i c i e n t  o n e s . The optimum s iz e d  p la n t in  an in d u s tr y  i s  th e  one
whose share o f  in d u s tr y  output in c r e a s e s  more than th a t  o f  o th e r s . The
\
im p l ic i t  assum ption i s  th a t  th e  p la n t  whose share i s  in c r e a s in g  has 
low er c o s t s  than  th e  o th e r  p la n t s .  S t i g l e r ' s  e s t im a te s  su g g e s t  th a t  th e  
m ost e f f i c i e n t  p la n ts  are th o se  whose share o f  in d u s tr y  output i s  betw een
i 22-g- and 25 per cen t . These p la n ts  are n e ith e r  th e  la r g e s t  nor th e  
sm a lle s t  in  th e  in d u s tr y  and so  su g g e st  th a t  th e  in d u s tr y 's  lon g -ru n  
average c o s t  curve i s  U -shaped. The shortcom ing o f  t h i s  method i s  th a t  
i t  assumes th a t  f a c t o r  p r ic e s  are th e  same fo r  a l l  p la n ts  and ig n o res  
n o n -p r ice  c o m p e tit io n . M oreover, i t  does n o t g iv e  an in d ic a t io n  o f  th e  
dim ension o f  s c a le  econom ies, i . e .  o f  the p ro p o rtio n a te  r e la t io n s h ip  
betw een in c r e a se  in  p la n t  s i z e  and d ecrease  in  c o s t s .
THE L-SHAPED COST CURVES 
The L -shaped c o s t  curve v i s u a l i s e s  average c o s t s  to  f a l l  fo r  
i n i t i a l  l e v e l s  o f  output and to  become con stan t a f t e r  some minimum 
e f f i c i e n t  s c a le  o f  o u tp u t. Thus in  f ig u r e  3 c o s t s  f a l l  as we move from  
p o in t  a to  p o in t  b .  OB i s  th e  m .e . s .  l e v e l  o f  o u tp u t.
The u n d er ly in g  id e a  i s  th a t  o p p o r tu n itie s  o f fe r e d  fo r  c o s t  
r e d u c tio n  through i n d i v i s i b i l i t i e s ,  s p e c ia l i s a t io n ,  or through m assive  
b u yin g  power are u l t im a te ly  exh au sted  as th e  p la n t in c r e a s e s  i t s  s c a le ;
T
G. S t ig l e r ,  The Economies o f  S c a le ,  in  Readings in  Economics o f  
I n d u s tr ia l  O rg a n isa tio n , e d ite d  b y  D. Needham, H o lt , R in eh art, W inston, 
London, New York, Sydney, Toronto, May 1970.
2
These e s t im a te s  are fo r  th e  American S t e e l  In d u stry  in  1952 , se e  S t ig l e r ,  
The Economies o f  S c a le ,  p .lH j..
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a p o in t  w i l l  be reach ed  in  th e  range o f  p o s s ib le  s c a le s  beyond which  
fu r th e r  in c r e a s e s  w i l l  n o t b r in g  about fu r th e r  r e d u c tio n  in  average  
c o s t s .  A number o f  methods have been used  to  e s tim a te  th e  m .e .s .  a long  
th e  L-shape c o s t  c u r v e .
He regard s s i z e  as a means o f  dem onstrating th e  e x is te n c e  o f  
s c a le  econom ies: th e  la r g e r  th e  p la n t  s i z e ,  th e  b e t t e r  op p ortu n ity  th a t  
t h i s  s i z e  w i l l  e x p lo i t  th e  p o s s i b i l i t y  o f  c o s t  r e d u c tio n . He arranged  
p la n ts  accord ing  to  t h e ir  s i z e s  from th e  la r g e s t  doxm to  the s m a lle s t  
and e s tim a ted  th e  minimum e f f i c i e n t  p la n t  s iz e  as g iv en  by th e  average  
s i z e  o f  th e  la r g e s t  20 p la n ts  i n  each  in d u s tr y .
i i .  "TOP 50£" index
This m ethod, which was i n i t i a l l y  used  by W.S, Comanor and T.A.
2W ilson  , in v o lv e s  moving down th e  p la n t s iz e  d is t r ib u t io n ,  s ta r t in g  w ith
th e  la r g e s t  p la n ts  u n t i l  enough p la n ts  are in c lu d ed  to  encompass 50$ o f
^ J . B ain , B a r r ier s  to  New C om petition , Cambridge, M ass., Harvard 
U n iv e r s ity  P r e ss , 1956 .
2W illiam  S . Comanor and Thomas A. W ilson , ’A d v er tis in g  Market S tru ctu re  
and Perform ance1, R .E .S . ,  November 196?.
i .  BAIN’S "TOP 20" METHOD'41
19.
t o t a l  in d u s tr y  employment (o r  o u tp u t) . The average s i z e  o f  th e  p la n t s ,  
which account fo r  th e  top  h a l f  o f  th e  cum ulative employment (or  ou tput)  
i s  th en  supposed to  be th e  m .e . s .  l e v e l  o f  p la n t .
i i i .  ' THE "MID-POINT” INDEX
This method was in trod u ced  by Leonard W. W e i s s \  I t  req u ire s  
f in d in g  th e  p la n t' s i z e  which i s  lo c a te d  a t th e  m id -p o in t o f  th e  cum­
u la t iv e  s i z e  d i s t r ib u t io n  in  term s o f  employment (or o u tp u t) .
A l l  th r ee  o f  th e  above methods can be c r i t i c i z e d  in  th e  se n se  
th a t  th e y  do n o t g iv e  us a p o in t  e s t im a te , but in s te a d  th e y  g iv e  an 
e stim a te  o f  th e  m .e .p . in  term s o f  employment (or  o u tp u t) . Furtherm ore, 
th ey  do not t e l l  us th e  p a tte r n  o f  d e c lin in g  c o s t s  as s c a le  in c r e a s e s  
up to  th e  m .e . s .  The argument sa y s  o n ly  th e re  i s  some f i n i t e  p o in t  on 
a s c a le  o f  p la n t  s i z e  in  any in d u str y  a t  which low er u n it  c o s ts  are  
rea ch ed . But i t  does n ot s t a t e  what the p o in t  on th e  s c a le  i s ,  or what 
p ro p o r tio n  o f  in d u s tr y  output w i l l  be su p p lied  by an op tim al p la n t .  Nor 
does th e  argument s t a t e  w hether th e  d e c lin e  in  u n it  c o s t s  i s  s te e p  or  
gradual as s c a le  in c r e a s e s  toward th e  lo w e st  c o s t  optimum. As on th e  
in d iv id u a l  l e v e l ,  th e  ”TOP $0%n index may be more r e p r e s e n ta t iv e  than  th e  
”TOP 2 0 ” in d ex , b u t i t  s t i l l  has the d e f ic i e n c ie s  o f  th e  "Median S t a t i s t i c ” 
i . e .  th e  r e s u lt in g  e s tim a te  o f  th e  m .e .s .  w i l l  be in f lu e n c e d  by th e  
p o s s ib le  in c lu s io n  o f  a few  e x c e p t io n a l ly  b ig  p la n ts  a lo n g  w ith  a m a jo r ity  
o f  norm ally  d is tr ib u te d  s i z e  c l a s s e s .  Furtherm ore, l i k e  B a in ’s in d e x , i t  
s t i l l  ig n o res  th e  sm a ll t a i l  o f  p la n ts  and, th e r e fo r e , does not con­
s t i t u t e  a good d e v ic e  fo r  m easuring in d u s t r ia l  e f f e c ie n c y  (though, to  some 
e x te n t ,  we cou ld  r e ly  on i t  t o  choose th e  minimum e f f i c i e n t  p la n t or firm  
s i z e ) .  On th e  o th er  hand, th e  "M id-Point” in d ex  has th e  d isadvantage o f  
ig n o r in g  a t  th e  same tim e b o th  la r g e  and sm a ll p la n t  t a i l s  o f  th e  s i z e
T i .W. W eiss, ’Tbe S u r v iv a l Technique and th e  E xtent o f  Suboptim al C a p acity ’ , 
Journal o f  P o l i t i c a l  Economy, June 196U, p p .2 l |6 -2 6 l.
d i s t r ib u t io n .  A c tu a lly , th e  com parison betw een th e  above th ree  
m entioned methods and a l l  th e  c r i t ic i s m  a ttach ed  to  them, i s  s t a t i s t ­
i c a l l y  e q u iv a le n t  to  a com parison betw een th e  Mean, th e  Mode, and the  
Median (se e  Appendix A ).
i v .  THE COST DISADVANTAGE RATIO METHOD
1
Richard Caves and o th e rs  , in trod u ce  th e  con cep t o f  th e  Cost 
D isadvantage R a tio  (CDR). The procedure r e q u ire s  f i r s t  moving along  
th e  s i z e  d is t r ib u t io n  to  i d e n t i t y  p la n ts  th a t account fo r  $0 per cen t  
o f  th e  in d u str y  v a lu e  added and then  c a lc u la t in g  th e  CDR d e fin e d  as  
th e  average va lu e  added p er  worker in  p la n ts  su p p ly in g  approxim ately  th e  
bottom  £0% o f  in d u s tr y  v a lu e  added d iv id ed  b y  th e  correspond ing  va lu e  
added p er  worker in  th e  rem ain ing p la n t s .  They f in d  th a t  m ost v a lu e s  
o f  th e  CDR l i e  betw een 0 -1  su g g e s tin g  d ecrea sin g  r e tu r n s  to  s c a le  o f  th e  
sm a ll t a i l  o f  th e  in d u str y  (though in  some c a se s  CDR was g r e a te r  than  
u n i t y ) .  This method a ls o  la c k s  th e  accuracy  o f  f in d in g  th e  tru e  
d iv id in g  l in e  betw een  la r g e  and th e  sm a ll p la n ts  in  any in d u stry ;  the  
v a lu e  o f  th e  CDR i s  skewed t o  th e  r ig h t  or to  the l e f t  in  most c a s e s ,  
i f  n ot in  a l l ,  depending on w hether th e  d iv id in g  l in e  b ia s e s  toward th e  
to p  p a r t or th e  bottom  p a r t .
THE CONTINUOUSLY DECLINING COST CURVE 
i .  THE ENGINEERING TECHNIQUE
The e n g in eer in g  approach i s  based  on c e r ta in  s c i e n t i f i c  laws 
r e la t in g  su r fa c e  area  to  volum e. For exam ple, an in c r e a se  in  the  
su r fa c e  area  o f  a c o n ta in e r  b r in g s  a more than p r o p o rtio n a te  in c r e a se  in  
th e  c a p a c ity  and s in c e  th e  su r fa c e  area w i l l  in f lu e n c e  th e  c o s t s  w h ile  
th e  cu b ic  c a p a c ity  w i l l  determ ine th e  ou tp u t, th e  average c o s ts  o f
R.E. C aves, J . K h a lilz a d e h -S h ir a z i, and M.E. P o r ter , 'Economies o f  
S c a le  in  S t a t i s t i c a l  A n a ly s is  o f  Market Pow er', R .E .S . , May 197lu
su r fa c e  area  a n d 'c a p a c ity , c o s t s  canvbe ob ta in ed  fo r  in d iv id u a l
2
p r o c e s s e s , and o p e r a t io n s . H.B. Chenery was perhaps the f i r s t  to  use  
th is .m eth o d  o f  e s t im a tin g  th e  econom ies o f  s c a l e .
s t o r a g e  w i l l  f a l l 1 .  B y  u s i n g  t h e  e n g i n e e r i n g  r e l a t i o n s h i p  b e t w e e n
There a r e , however, c e r t a in  d i f f i c u l t i e s  in  a p p ly in g  t h is  
tech n iq u e; f i r s t  som etim es th e r e  i s  th e  p r a c t ic a l  d i f f i c u l t y  o f  b a s in g  
e s t im a te s  on s c i e n t i f i c  law s or exp erim en ta l data and so  having to  r e ly  
on e n g in e e r ’s or a c c o u n ta n t’s  e s t im a te s  o f  the c o s t s  o f  m achines, 
p r o cess  u n it s  and o p e r a t io n s . Moreover, t h i s  tech n iq u e  ig n o res  some 
fo r c e s  o f  a n o n -te c h n ic a l n a tu re; fo r  exam ple, the r e la t io n s h ip  betw een  
s iz e  and q u a l i ty  o f  management.
THE POINT ELASTICITY METHOD3 
This method -has been  used  in  many in d u s t r ia l  s tu d ie s  on
Suppose th a t  we use a p ip e l in e  to  tra n sp o rt o i l ,  th en  th e  cubic  
c a p a c ity  o f  a p ip e l in e  can be d e te m in e d  by:
2
V = Volume o f  C ylin d er = TTR H, where:
TT= C onstant ( 3 .1 k ) ,  R = Radius o f  b a se , and H = H eight o f  c y l in d e r .
The su r fa c e  area can  be determ ined by:
A =TTR ,  where A = su r fa c e  a r e a , which would in f lu e n c e  th e  c o s t s .  As 
output ten d s to  be c o r r e la te d  w ith  t h e ir  volum e, and t o t a l  c o s ts  w ith  s iz e  
o f  th e  e n c lo s in g  s u r fa c e , th e  id e a  th a t  volume in c r e a s e s  more r a p id ly  than  
the e n c lo s in g  su r fa c e  o f  th e  p ip e l in e s  can be r e p r ese n te d  m ath em atica lly  
as f o l lo w s :
T o ta l C osts = TTR2 
Volume -strS h
But th e  volume depends on th e  depth o f  c y lin d e r  (or  h e ig h t ) ,  H, and so as  
H in c r e a s e s  th e  above r a t io  (or  average c o s ts )  w i l l  d e c r e a se , which  
su g g e s ts  th a t  th e  lo n g -ru n  average c o s t s  w i l l  be c o n tin u o u s ly  f a l l i n g  as  
output in c r e a s e s .
2
H.B. Chenery, ’E n gineerin g  p rod u ction  f u n c t io n ’, Q .J .E . , Nov. 19k9.
3
G.C. Hufbauer, ’The Impact o f  N a tio n a l C h a r a c te r is t ic s  and Technology on 
th e  Commodity Com position o f  Trade in  Manufactured Goods’,  in  R. Vernon, 
The Technology F actor in  I n te r n a t io n a l  Trade, New York, 1970, p .179.
econom ies o f  s c a le  in  th e  American and B r it i s h  m anufacturing in d u s tr ie s  
to  e s tim a te  th e  p r o p o r tio n a l change d f  e it h e r  t o t a l  c o s t s  or t o t a l  v a lu e  
added, w ith  r e s p e c t  t o  th e  p r o p o r tio n a l change in  employment, or c a p i t a l  
ex p en d itu res  •
G.C. Hufbauer e s tim a te d  how the v a lu e  added per employee in  
American m anufacturing in d u s t r ie s  v a r ie d  w ith  p la n t  s i z e  measured in  
term s o f  employment. He used  th e  e x p o n e n tia l fo rm u la tio n : V = Erf- 
where V i s  th e  v a lu e  added p e r  employee fo r  a g iv en  s i z e  c la s s  o f  p la n t ,
K i s  a c o n sta n t; n i s  th e  average number o f  men employed per e s ta b lish m en t  
in  th e  g iv en  s iz e  c la s s  and oc i s  the s c a le  e l a s t i c i t i e s  param eter.
Simon T e i t e l3- a lso  used  th e  ex p o n e n tia l form ula b u t d i f f e r e n t  
v a r ia b le s .  He e s tim a te d  how t o t a l  labour or c a p i t a l  v a r ie d  w ith  s c a le  
o f  o u tp u t, th a t  i s :  Y = a X11,
where 0 ^  n 1 ,
and Y = 1 .  ,  X = Q .
_ a  5
1 . Q.1 l
1 .  and 1 . are t o t a l  lab ou r or c a p ita l  in p u ts  a t  s c a le s  j  and i ,
J 3-
Q. and Q. are th e  output s c a le s .
The above form ula m easures th e  e l a s t i c i t y  o f  in p u ts  as output 
ch an ges. But i f  we rearrange th e  form ula to  take in to  account th e  
e l a s t i c i t y  o f  ou tp u t or v a lu e  added as in p u ts  change, th en  we w i l l  
a r r iv e  a t  th e  same form ula as H ufbauer1 s ,  namely: Y = a ^ 1.
By ta k in g  th e  o p p o s ite  e l a s t i c i t y  we w i l l  have: X = aY11,  w hich  
m easures th e  e l a s t i c i t y  o f  v a lu e  added ( i . e .  X) per em ployee as c a p i t a l  
or employment changes ( i . e .  Y ) .
^S. T e i t e l ,  ’Economies o f  S c a le  and S iz e  o f  P la n t 1, Journal o f  Common 
Market S t u d ie s . V o l. 13 , 1975 . ~
H u fb a u e r 's  m ethod  may be c r i t i c i z e d  f o r  a ssu m in g  c o m p e t i t iv e  
p r i c e s .  C om m odity p r ic e s  may be d i f f e r e n t  be tw een  f i r m s  e i t h e r  because  
o f  non-hom ogeneous p ro d u c ts  o r  d is c o u n ts  to  c e r t a in  c o n su m e rs , e t c . ,  
s i m i l a r l y  f a c t o r  p r ic e s  may n o t  be u n ifo rm  because  o f  m on op o ly  pow er 
o f  b u y e rs  a n d /o r  s e l l e r s .  N e v e r th e le s s ,  by o f f e r i n g  a  p r a c t ic a b le  way 
o f  o b ta in in g  p o in t ,  e s t im a te s  f o r  a la r g e  num ber o f  i n d u s t r i e s ,  th e  
p ro c e d u re  has an a d v a n ta g e , p a r t i c u l a r l y  f o r  r e s e a rc h  i n t o  s c a le  
eco n o m ie s  in  i n t e r n a t i o n a l  t r a d e .  M o re o v e r , th e  u n d e r ly in g  a s s u m p tio n  
o f  c o n t in u o u s ly  d e c re a s in g  c o s ts  i s  i n  l i n e  w i t h  th e  t h e o r e t i c a l  a n a ly s is  
o f  in c r e a s in g  r e t u r n s  and i n t e r n a t i o n a l  t ra d e  t h a t  we c o n s id e re d  i n  th e  
p re v io u s  c h a p te r .  Because o f  t h i s  my a n a ly s is  o f  U .K . and U .S .A . 
e x p o r ts  w i l l  make use o f  H u fb a u e r 's  ty p e  o f  e s t im a te s .
C H A P T E R  3
E CO NO M IES OF SC ALE IN  THE U N IT E D  KINGDOM 
AND THE U N IT E D  S T A T E S ’ M AN U FAC TU R IN G  IN D U S T R IE S
I n  t h i s  c h a p t e r  I  w i l l  e m p l o y  H u f b a u e r ’ s m e t h o d  t o  
e s t i m a t e  s c a l e  e l a s t i c i t i e s  f o r  U n i t e d  K i n g d o m  a n d  U n i t e d  
S t a t e s  i n d u s t r i e s  i n  1 9 6 3  a n d  1 9 7 2 .  I n  a d d i t i o n  I  w i l l  
t r y  t o  e s t i m a t e  t h e  m in im u m  e f f i c i e n t  f i r m s  f o r  U n i t e d  
K i n g d o m  i n d u s t r i e s  b y  u s i n g  t h e  v a r i o u s  m e t h o d s  d i s c u s s e d  
i n  C h a p t e r  2 .
I n  s e c t i o n  o n e  I  d e s c r i b e  t h e  d a t a  s o u r c e s  u s e d .
S e c t i o n  t w o  r e p o r t s  t h e  U n i t e d  K i n g d o m  r e s u l t s  i n  1 9 6 3  
o f  t h e  d i f f e r e n t  p r o d u c e r s  a n d  d e a l s  w i t h  t h e  c o r r e l a t i o n  
m a t r i c e s  b e t w e e n  t h e  v a r i o u s  e s t i m a t e s .  S e c t i o n  t h r e e  
r e p o r t s  t h e  U n i t e d  K i n g d o m  r e s u l t s  a t  t h e  p l a n t  l e v e l  i n  
1 9 6 3 .  S e c t i o n  f o u r  p r o d u c e s  t h e  U n i t e d  K i n g d o m  r e s u l t s  
a t  f i r m  a n d  p l a n t  l e v e l s  i n  1 9 7 2 ,  I t  p r o d u c e s  a l s o  t h e  
c o r r e l a t i o n  m a t r i c e s  b e t w e e n  1 9 6 3  a n d  1 9 7 2  a t  t w o  l e v e l  
r e s u l t s  ( i . e .  f i r m  a n d  p l a n t ) .  S e c t i o n  f i v e  d e a l s  w i t h  
t h e  U n i t e d  S t a t e s ’ r e s u l t s  i n  1 9 6 3  a n d  1 9 7 2  a n d  i t s  
c o r r e l a t i o n  m a t r i c e s  w i t h  t h e  c o r r e s p o n d i n g  U . K .  r e s u l t s  
a t  t h e  p l a n t  l e v e l  o n l y * - . F i n a l l y ,  i n  s e c t i o n  s i x ,  I  w i l l  
d e a l  w i t h  t h e  c o v a r i a n c e  a n a l y s i s  t e c h n i q u e  t o  s e e  w h e t h e r  
t h e r e  a r e  a n y  t e c h n i c a l  o r  s t r u c t u r a l  c h a n g e s  w h i c h  may  
h a v e  h a p p e n e d  o v e r  t h e  p e r i o d  1 9 6 3 - 1 9 7 2 .
3 . 1  D E S C R IP T IO N  OF DATA
T h e  1 9 6 3  a n d  1 9 7 2  U n i t e d  K i n g d o m  C e n s u s e s  o f  P r o d u c t i o n  
a n d  t h e  1 9 7 2  U n i t e d  S t a t e s  C e n s u s  o f  M a n u f a c t u r e s  s u p p l y
T h i s  c o r r e l a t i o n  i s  c o n f i n e d  t o  t h e  p l a n t  l e v e l  b e c a u s e  
1 9 ‘63  U . S .  r e s u l t s  h a v e  b e e n  e s t i m a t e d  a t  t h e  p l a n t  l e v e l  
o n l y .
i n f o r m a t i o n  f o r  i n d i v i d u a l  i n d u s t r i e s  o n  t h e  b a s i s  o f  
t h e  S I C  ( S t a n d a r d  I n d u s t r i a l  C l a s s i f i c a t i o n )  i n d i v i d u a l  
i n d u s t r i e s *  T h e s e  i n c l u d e  i n f o r m a t i o n  o n  t h e  n u m b e r  o f  
e n t e r p r i s e s ,  t o t a l  e m p l o y m e n t ,  o u t p u t ,  v a l u e  a d d e d ,  
t o t a l  c o s t ,  a n d  c a p i t a l  e x p e n d i t u r e  f o r  v a r i o u s  s i z e  
c l a s s e s .  T h e  U . K .  d a t a  c l a s s i f i c a t i o n  w a s  c o n v e r t e d  
t o  a c h i e v e  c o n c o r d a n c e  w i t h  t h e  U . S .  d a t a .  I  c h o s e  t h e  
i n t e r v a l  1 9 6 3 - 1 9 7 2  f o r  my  e m p i r i c a l  s t u d y  b e c a u s e  t h e s e  
y e a r s  c o v e r e d  a  r e l a t i v e l y  s t a b l e  p e r i o d  o f  e c o n o m i c  
a c t i v i t y  a n d  a  r e a s o n a b l e  r a t e  o f  g r o w t h  i n  m a n u f a c t u r i n g  
o u t p u t .  I  f o l l o w e d  H u f b a u e r 1 s  m e t h o d  i n  c h o o s i n g  v a l u e  
a d d e d  p e r  h e a d  r a t h e r  t h a n  t o t a l  c o s t  b e c a u s e  a s  p o i n t e d  
o u t  b y  S i l b e r s t o n ^ ,  t h e  s u p p l y  o f  r a w  m a t e r i a l s  w e r e  
r e l a t i v e l y  s t a b l e ,  a n d  t h e r e  w e r e  n o  i m p o r t a n t  e c o n o m i e s  
g e n e r a t e d  b y  t h e  u s a g e  o f  i t .  T h e  a d v a n t a g e  o f  u s i n g  
e m p l o y m e n t  d a t a  i s  t h a t  i t  i s  a n  i m p o r t a n t  i n d i c a t o r  o f  
a  p l a n t ' s  o u t p u t ,  t h ©  d a t a  i s  r e a d i l y  a v a i l a b l e  a n d  i t  
m a k e s  i n t e r n a t i o n a l  s t u d i e s  c o m p a r a b l e .  T h e  q u a l i f i c a t i o n s  
i n  u s i n g  s u c h  d a t a  w e r e  d i s c u s s e d  i n  t h e  p r e v i o u s  c h a p t e r  
a n d  n e e d  n o t  b e  r e p e a t e d  h e r e ,
3 . 2  T H E  U N I T E D  K I N G D O M  1 9 6 3  R E S U L T S
E s t i m a t e s  o f  m i n i m u m  e f f i c i e n t  f i r m s  a s  a p e r c e n t a g e  
o f  t h e  t o t a l  U . K .  o u t p u t / e m p i o y m e n t  w e r e  o b t a i n e d  b y  
u s i n g  t h e  " T o p  2 0 " ,  t h e  " T o p  50/<?" a n d  t h e  " M i d - P o i n t "  
i n d i c e s .  T h e  r e s u l t s  a r e  s h o w n  i n  A p p e n d i x  B .  T h e  
s c a l e  e l a s t i c i t i e s  e s t i m a t e d  b y  a p p l y i n g  H u f b a u e r *  s  
t e c h n i q u e  a n d  t h e  c o s t  d i s a d v a n t a g e  r a t i o  u s i n g  C a v e s '
* A .  S i l b e r s t o n ,  ‘ E c o n o m i e s  o f  S c a l e  i n  T h e o r y  a n d  P r a c t i c e ' ,  
T h e  E c o n o m i c  J o u r n a l , 1 9 7 1 ,  p  ♦ 3 7 7 .
m e t h o d  a r e  a l s o  s h o w n  i n  t h e  A p p e n d i x .  N e v e r t h e l e s s ,  
a  p r a c t i c a l  e x a m p l e  m a y  h e l p  t o  u n d e r s t a n d  h o w  I  h a v e  
e m p i r i c a l l y  e s t i m a t e d  t h e  s c a l e  e c o n o m y  r e s u l t s  b y  u s i n g  
t h e  f i v e  m e t h o d s  m e n t i o n e d  a b o v e .  A c c o r d i n g l y ,  t h e  f o l l o w i n g  
i s  a  p r o f i l e  f o r  I r o n  a n d  S t e e l  i n d u s t r y  t a k e n  f r o m  t h e  
U n i t e d  K i n g d o m  C e n s u s  o f  P r o d u c t i o n  i n  1 9 6 3 .
T a b l e  3 I r o n  a n d  S t e e l  ( G e n e r a l ) .  A n a l y s i s  o f  
l a r g e  f i r m s  b y  s i z e  o f  e n t e r p r i s e  w i t h i n  
t h e  i n d u s t r y  -  1 9 6 3 ,  i n d u s t r y  N o .  3 1 1
1 2 3 4 5 6 7 8 9
A v e r a g e  E n t e r -  
No p r i s e s  
e m p l o y  e d  
b y  t h e  
e n t e r p r i s e  
i n  t h e  
i  n d u  s t  r y
E s t a b ­
l i s h ­
m e n t
A v e r a g e  
n u m b  e r  
e m p 1 o y -  
e d
G r o s  s  
o u t p u t
N e t
o u t p u t
N e t  
o u t ­
p u t  
p e r  
h e  a d
C a p i t a l
e x p e n d ­
i t u r e
S t o c k
v a l u e
N o . N o . N o . £ ‘ o o o £ ’ c o o £ £  * o o o £ 1 o o o
2 5 -  4 9 3 4 3 7 1 2 9 3 6 5 1 6 1 9 9 3 1 5 4 1 1 6 2 8 0 4
5 0 -  9 9 4 0 4 6 2 8 7 7 1 4 2 0 2 4 7 1 4 1 6 3 9 4 3 9 2 3 1 7
1 0 0 -  1 9 9 2 8 3 4 4 0 6 4 1 9 7 9 0 5 5 1 5 1 3 5 7 2 2 2 2 8 6 0
2 0 0 -  2 9 9 2 6 3 9 6 3 0 5 2 5 6 6 1 8 4 2 4 1 3 3 6 9 1 4 4 8  7 2
3 0 0 -  3 9 9 1 9 2 6 6 5 4 3 3 6 1 3 6 9 1 5 8 1 4 0 0 1 0 8 4 4 5 0 7
4 0 0 -  4 9 9 8 1 6 3 6 2 1 2 8 3 1 5 6 5 7 0 1 8 2 1 4 9 8 2 8 5 8
5 0 0 -  7 4 9 9 1 8 5 8  7 0 1 8 7 5 8 6 8 7 0 1 1 7 0 4 8 8 3 4 0 0
7 5 0 -  9 9 9 6 2 5 5 1 9  0 1 6 8 1 6 6 6 7 8 1 2 8 7 4 8  7 3 0 6 9
1 0 0 0 - 1 4 9 9 6 20 6 9 7 4 2 4 7 6 8 8 2 9 5 1 1 8 9 4 8 7 3 3 0 3
1 5 0 0 - 2 4 9 9 4 1 5 8 1 5 5 3 4 3 6 1 1 1 1 8 5 1 3 7 2 1 4 2 2 6 5 1  9
2 5 0 0 - 3 9 9 9 7 2 8 2 2 7 6 0 7 8 7 2 0 2 9 4 7 8 1 2 9 5 6 1 9 8 1 4 8 6 2
4 0 0 0 - 7 4 9 9 4 1 1 2 2 0 2 9 1 0 0 7 2 1 3 0 7 0 3 1 3 9 4 4 4 3 9 2 0 2 2 4
7 5 0 0 - O v e r 1 0 7 9 1 7 1 0 0 7 9 0 0 8 1 7 2 7 2 3 7 7 1 5 9 3 8 3 9 0 1 1 7 5 8 8 4
T o t a l 2 0 1  3 9 4  2 6 6 6 8 8  1 3 0 5 6 8 2  4 0 1 9 8 7  1 5 0 7  1 0 0 7 4 1  2 4 5 4 7 9
T h e r e f o r e ,  t h e  s c a l e  e c o n o m y  r e s u l t s  c a n  b e  c a l c u l a t e d  
a s  f o 1 l o w s :
" T O P  2 0 "  IN D E X 1 
I  h a v e  u s e d  s i z e  o f  e n t e r p r i s e  r a t h e r  t h a n  s i z e  o f  
e s t a b l i s h m e n t  b e c a u s e  t h e  i n f o r m a t i o n  g i v e n  i n  t h e  t a b l e  
i s  o n  a v e r a g e  n u m b e r  e m p l o y e d  b y  t h e  e n t e r p r i s e  i n  t h e  
i n d u s t r y * .  T h e  a v e r a g e  s i z e  o f  t h e  " T o p  2 0 "  e n t e r p r i s e s ,  
t h e r e f o r e ,  c a n  be  e s t i m a t e d  a s  f o l l o w s :
T o t a l  e m p l o y m e n t  o f  t h e  l a r g e s t  t w e n t y  e n t e r p r i s e s  = 
1 7 1 0 0 7  + 2 2 0 2 9  + 1 9 5 0 8 . 5  = 2 1 2 5 4 4 . 5
T h e  f i r s t  f i g u r e  r e p r e s e n t s  t o t a l  e m p l o y m e n t  i n  t h e  l a r g e s t  
1 0  e n t e r p r i s e s  ( i . e .  t h e  l a s t  f i g u r e  i n  c o l u m n  N o .  4 o f  
T a b l e  3 o f  t h e  i n d u s t r y ) ,  t h e  s e c o n d  r e p r e s e n t s  t o t a l  
e m p l o y m e n t  i n  t h e  n e x t  4 l a r g e s t  e n t e r p r i s e s  ( i . e .  t h e  
s e c o n d  l a s t  f i g u r e  i n  c o l u m n  N o .  4 , )  w h i l e  t h e  t h i r d  f i g u r e  
r e p r e s e n t s  t o t a l  e m p l o y m e n t  i n  t h e  l a s t  6 e n t e r p r i s e s .
T h e  f i r s t  t w o  f i g u r e s  ( i . e .  1 7 1 0 0 7  a n d  2 2 0 2 9 )  a r e
s t r a i g h t f o r w a r d .  T h e  t h i r d  f i g u r e  ( w h i c h  a c c o u n t s  f o r  
6 e n t e r p r i s e s 1 e m p l o y m e n t  i n  t h e  t h i r d  c l a s s ,  2 5 0 0 - 3 9 9 9 )  
h a s  b e e n  w o r k e d  o u t  f r o m  t o t a l  e m p lo y m e n t  f i g u r e  i n  t h e  
t h i r d  l a r g e s t  c l a s s  ( i . e .  f i g u r e  2 2 7 0 0  i n  c l a s s  2 5 0 0 - 3 9 9 9 ) .  
T h e  t h i r d  l a r g e s t  c l a s s  h a s  7 e n t e r p r i s e s  a n d  we n e e d  o n l y  
6 o f  t h e m  t o  c o m p l e t e  t h e  n u m b e r  o f  e n t e r p r i s e s  t a k e n  f r o m  
t h e  f i r s t  a n d  t h e  s e c o n d  l a r g e s t  c l a s s e s  ( i . e .  10  + 4 = 1 4 )
u p  t o  20 e n t e r p r i s e s .  A c c o r d i n g l y  t h e  t h i r d  f i g u r e  i n  t h e  
e q u a t i o n  ( i . e .  1 9 5 0 8 . 5 )  h a s  b e e n  c a l c u l a t e d  f o r  6 e n t e r p r i s e s  
a s  f o l l o w s :
1 A d i f f e r e n t  m e t h o d  o f  e s t i m a t i o n ,  u s i n g  t h e  L o g - n o r m a l  
d i s t r i b u t i o n  i s  s h o w n  i n  A p p e n d i x  G.
T o t a l  e m p l o y m e n t  i n  t h e  t h i r d  l a r g e s t  c l a s s  ( i . e .
c l a s s  2 5 0 0 —3 9 9 9 )  = 2 2 7 6 0  w h i c h  h a v e  7 e n t e r p r i s e s ,  a n d
6 o f  t h e m  h a v e  t o t a l  e m p l o y m e n t  e q u a l  t o  1 9 5 0 8 . 5
( i . e .  2 2 7 6 0  x  6 =  1 9 5 0 8 . 5 ) .  T h e r e f o r e ,  " T o p  2 0 "
7
i n d e x  =  2 1 2 5 4 4 . 5  =  1 0 6 2 7 . 2 .  D i v i d i n g  t h i s  b y  t o t a l  
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i n d u s t r y  e m p l o y m e n t  we  f i n d  t h a t  3 . 9 $  o f  i n d u s t r y  e m p l o y m e n t  
i s  i n  t h e  " T o p  2 0 " e n t e r p r i s e s .
" T O P  5 0 $  I N D E X
T o t a l  e m p l o y m e n t  i n  t h e  i n d u s t r y  i s  e q u a l  t o  2 6 6 6 8 8
( c o l u m n  4 )  a n d  d i v i d i n g  t h i s  f i g u r e  b y  2 we  w i l l  g e t  t h e
f i g u r e  1 3 3 3 4 4  w h i c h  e q u a l s  5 0 $  o f  t h e  i n d u s t r y  t o t a l
e m p l o y m e n t  ( i . e .  2 6 6  688  =  1 3 3 3 4 4 ) .
2
B u t  t o t a l  e m p l o y m e n t  i n  t h e  l a r g e s t  s i z e  ( i . e .  7 5 0 0  -
o v e r )  i s  e q u a l  t o  1 7 1 0 0 7  w h i c h  i s  m o r e  t h a n  1 3 3 3 4 4  ( s e e  t h e
l a s t  f i g u r e  o f  c o l u m n  4 ) ,  i . e .  m o r e  t h a n  5 0 $  o f  t h e  i n d u s t r y
t o t a l  e m p l o y m e n t .  A c c o r d i n g l y  t h e  5 0 $  t o t a l  e m p l o y m e n t
o f  t h e  i n d u s t r y  i s  o n l y  7 7 $  o f  t o t a l  e m p l o y m e n t  i n  t h e
l a r g e s t  c l a s s  s i z e  o f  t h e  i n d u s t r y ,  o r :  1 3 3 3 4 4  «  . 7 7 .
1 7 1 0 0 7
T h e r e  a r e  1 0  e n t e r p r i s e s  i n  t h e  l a r g e s t  c l a s s  s i z e ,
a n d  t h e  a v e r a g e  n u m b e r  o f  e m p l o y e e s  w a s  1 7 1 0 0 * 7  w h i c h  i s
c a l c u l a t e d  b y  d i v i d i n g  t h e  t o t a l  e m p l o y m e n t  i n  t h e  c l a s s
o v e r  t h e  n u m b e r  o f  e n t e r p r i s e s ,  o r :  1 7 1 0 0 7  =  1 7 1 0 0 , 7 ,
10
S i n c e  5 0 $  o f  i n d u s t r y  t o t a l  e m p l o y m e n t  i s  l e s s  t h a n  t o t a l
e m p l o y m e n t  i n  t h e  l a r g e s t  c l a s s  s i z e ,  o n l y  7 , 7  o f  t h o s e
e n t e r p r i s e s  m a d e  u p  5 0 $  t o t a l  e m p l o y m e n t  o f  t h e  i n d u s t r y .
T h a t  i s i 1 3 3 3 4 4  «  7 . 7 9  o r  1 3 3 3 4 4  x  1 0  =  7 . 7 9
1 7 1 0 0 . 7  1 7 1 0 0 7
A c c o r d i n g l y  t h e  ’. ' T o p  5 0 $ '  i n d e x  c a n  b e  c a l c u l a t e d  a s
f o i l o w s :
d i v i d i n g  t h i s  f i g u r e  b y  t h e  n u m b e r  o f  e n t e r p r i s e s  a c c o u n t e d
f o r  50 ft o f  i n d u s t r y  e m p l o y m e n t ,  w e  w i l l  h a v e  t h e  a v e r a g e
e n t e r p r i s e  s i z e ,  i . e .  1 3 3 3 4 4  =  1 7 1 0 0 , 7 .  T h i s  i s  t h e  s a m e
7 . 7
a s  a v e r a g e  s i z e  i n  t h e  l a r g e s t  c l a s s  s i z e  b e c a u s e ,  a s  we
m e n t i o n e d  a b o v e  t h e  t o t a l  e m p l o y m e n t  f i g u r e  i n  t h e  l a r g e s t
c l a s s  s i z e  i s  l a r g e r  t h a n  50^> o f  t h e  i n d u s t r y  t o t a l
e m p l o y m e n t o  B u t  t h o u g h  t h e  a v e r a g e  i s  t h e  s a m e ,  t h e
t o t a l  i s  d i f f e r e n t  b e c a u s e  t h e  n u m b e r  o f  e n t e r p r i s e s  i n  t h e
l a r g e s t  c l a s s  s i z e  a n d  5 0 f> o f  t h e  i n d u s t r y  t o t a l  e m p l o y m e n t
i s  n o t  t h e  s a m e  ( i . e e 1 0  a n d  7 . 7  e n t e r p r i s e s ) .
D i v i d i n g  1 7 1 0 0 . 7  b y  t o t a l  i n d u s t r y  e m p l o y m e n t  we  f i n d
t h a t  6 . 4 fo o f  i n d u s t r y  e m p l o y m e n t  i s  i n  t h e  50/& i n d e x .
T h a t  i s  t o  s a y :  1 7 1 0 0 . 7  x  1 0 0  =  6 . 4 .
2 6 6 6 8 8
T H E  M I D - P O I N T  I N D E X
S i n c e  a v e r a g e  s i z e  o f  e n t e r p r i s e s  i n  t h e  l a r g e s t  c l a s s
s i z e  i s  e q u a l  t o  1 7 1 0 0 . 7  ( i . e .  1 7 1 0 0 7  ) ,  a n d  s i n c e  t o t a l
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e m p l o y m e n t  i n  t h i s  c l a s s  i s  m o r e  t h a n  50fi> o f  t h e  i n d u s t r y  
t o t a l  e m p l o y m e n t ,  t h e  e n t e r p r i s e  l o c a t e d  a t  t h e  M i d - P o i n t  
o f  c u m u l a t i v e  s i z e  d i s t r i b u t i o n  i n  t e r r a s  o f  e m p l o y m e n t  i s  
1 7 l 0 0 o 7 w h i c h  m a k e s  6 . 4 f i  o f  t o t a l  e m p l o y m e n t  i n  t h e  i n d u s t r y .  
B e c a u s e  a l l  e n t e r p r i s e s  i n  t h e  " T o p  50/on o f  t h e  i n d u s t r y  
t o t a l  e m p l o y m e n t  a r e  o f  e q u a l  s i z e 1 , a n d  t h e  m i d - p o i n t  
f . i r m  i s  t h e  l a s t  o n e  i n  t h e  " T o p  5 0 fou l i s t  o f  e q u a l  s i z e  
f i r m s •
1 3 3 3 4 4  i s  t h e  e m p l o y m e n t  f i g u r e  i n  t h e  i n d u s t r y  a n d
T h i s  a p p l i e s  f o r  t h i s  i n d u s t r y , ,  o t h e r w i s e  i t  i s  n o t  a l w a y s  
t h e  c a s e  t h a t  a l l  f i r m s  i n  t h e  " T o p  5 0 ^ "  o f  t h e  i n d u s t r y  
t o t a l  e m p l o y m e n t  a r e  o f  e q u a l  . s i z e .  A l l  i t  m e a n s  i s  t h a t  
t h e  M i d - p o i n t  f i r m  i s  t h e  l a s t  i n  t h e  l i s t  o f  f i r m s  w h i c h  
m a k e  50 f i  o f  t h e  i n d u s t r y  t o t a l  e m p l o y m e n t .
THE COST D IS A D V A N T A G E  R A T IO  ( CD R )
T h e  f i g u r e  4 0 1 9 8 7  i s  t o t a l  n e t  o u t p u t  i n  t h e  i n d u s t r y
( c o l u m n  N o .  6 ) .  D i v i d i n g  t h i s  f i g u r e  b y  2 we w i l l  a r r i v e
a t  5 0 fo o f  t h e  t o t a l  i n d u s t r y  n e t  o u t p u t  ( i . e .  4 0 1 9 8 7  = 2 0 0 9 9 3 . 5 ) ,
2
w h i c h  r e p r e s e n t s  t h e  c o n t r i b u t i o n  o f  t h e  7 . 7  e n t e r p r i s e s
t h a t  a c c o u n t e d  f o r  5 0 $  o f  t h e  i n d u s t r y  t o t a l  e m p l o y m e n t .
T h a t  i s  t h e  f i g u r e  2 7 2 3 7 7  i s  t o t a l  n e t  o u t p u t  c o n t r i b u t e d
b y  t h e  l a r g e s t  1 0  e n t e r p r i s e s  ( s e e  l a s t  f i g u r e  o f  c o l u m n s
2 a n d  6 ) ,  a n d  s o  t h a t  t o t a l  n e t  o u t p u t  c o n t r i b u t e d  b y  7 , 7
e n t e r p r i s e s  i s  e q u a l  t o  2 7 2 3 7 7  x  7 . 7  « 2 0 9 7 3 0 . 2 9 .  B u t  t h e
10
7 . 7  e n t e r p r i s e s  c o n t r i b u t e d  t o  5 0 $  o f  i n d u s t r y  t o t a l
e m p l o y m e n t  ( i . e .  1 3 3 3 4 4  e m p l o y e e s ) .  A c c o r d i n g l y  t h e  n e t
o u t p u t  p e r  h e a d  i n  e n t e r p r i s e s  s u p p l y i n g  t h e  " T o p  5 0 $ "  o f
i n d u s t r y  t o t a l  n e t  o u t p u t  c a n  b e  c a l c u l a t e d  a s  f o l l o w s :
2 0 9 7 3 0 . 2 9  = 1 5 7 2 .
1 3 3 3 4 4
F r o m  c o l u m n  N o .  6 ,  t o t a l  n e t  o u t p u t  s u p p l i e d  b y  t h e  
" B o t t o m  5 0 $ "  o f  t o t a l  i n d u s t r y  e m p l o y m e n t  i s  e q u a l  t o  
1 9 9 3  + 4 7 1 4  + 5 5 1 5  + 8 4 2 4  + 9 1 5 8  + 6 5 7 0  + 6 8 7 0  + 6 6 7 8  +
8 2 9 5  + 1 1 1 8 5  + 2 9 4 7 8  + 3 0 7 0 3  + ( 2 7 2 3 7 7  -  2 0 9 7 3 0 . 2 9 )  « 1 9 2 2 2 9 . 7 1 .  
T h e  l a s t  f i g u r e  ( i . e .  2 7 2 3 7 7  -  2 0 9 7 3 0 , 2 9 )  r e p r e s e n t s  t h e
d i f f e r e n c e  b e t w e e n  t o t a l  n e t  o u t p u t  s u p p l i e d  b y  t h e  1 0  a n d
7 . 7  l a r g e s t  e n t e r p r i s e s .  D i v i d i n g  1 9 2 2 2 9 . 7 1  b y  t h e  5 0 $
o f  t o t a l  i n d u s t r y  e m p l o y m e n t  ( i . e .  1 3 3 3 4 4 )  we w i l l  g e t  n e t
o u t p u t  p e r  h e a d  i n  e n t e r p r i s e s  s u p p l y i n g  t h e  " B o t t o m  5 0 $ "  o f
t o t a l  i n d u s t r y  n e t  o u t p u t  ( i . e .  1 9 2 2 2 9 ,  71 = 1 4 4 l ) .  T h e r e f o r e ,
1 3 3 3 4 4
t h e  CDR = 1 4 1 4  = * 8 9 ,  w h i c h  i s  n e t  o u t p u t  p e r  h e a d  i n  
1 5 7 2
e n t e r p r i s e s  s u p p l y i n g  t h e  " B o t t o m  5 0 $ "  o f  i n d u s t r y  t o t a l  
n e t  o u t p u t  o v e r  n e t  o u t p u t  p e r  h e a d  i n  e n t e r p r i s e s  s u p p l y i n g  
t h e  " T o p  5 0 $ "  o f  i n d u s t r y  t o t a l  n e t  o u t p u t .
H U F B A U E R » S  S C A L E  E L A S T I C I T Y
T h i s  i s  e s t i m a t e d  b y  r u n n i n g  a  l o g  -  l i n e a r  r e g r e s s i o n  
u s i n g  t h e  e x p o n e n t i a l  e q u a t i o n :  L o g ^ V  = L o g ^  k  +  c a C L o g e N ,  
w h e r e  V  =  V a l u e  a d d e d  p e r  h e a d  i n  a g i v e n  c l a s s  s i z e  
k  =  A  c o n s t a n t
N =  T o t a l  e m p l o y m e n t  i n  a  g i v e n  c l a s s  s i z e  
T h e  s c a l e  e l a s t i c i t y
A p p l y i n g  t h i s  f o r m u l a  t o  t h e  a b o v e  i n d u s t r y  i re  h a v e  
t h e  f o l l o w i n g  r e s u l t :
L o g V g n  =  L o g  7 .  3 3 3  -  0 .  0 1 3  L o g N 3 1 1  R 2 = . 0 3
( 5 0 . 0 4 )  ( - 0 . 6 1 )
T  s t a t i s t i c s  a r e  i n  p a r e n t h e s i s .  T h e  c o e f f i c i e n t  - 0 . 0 1
m e a n s  t h a t  i n  t h e  n a t u r a l  e x p o n e n t i a l  f u n c t i o n  o f  t h e  f o r m
(V* . t  O f t  / v —O . O l t
V  =  k N  , i f  N =  e , s u c h  t h a t  V  =  k e  ( t  =  t i m e )  =  k e  »
a n d  p r o v i d e d  OC i s  a  c o n s t a n t  a t  a l l  p o i n t s  o f  t i m e  ( t ) ,
w e  c a n  r e a d  o f f  t h e  r a t e  o f  g r o w t h  o f  V  a s  - 0 . 0 1 ,  o r
-  1  p e r  c e n t  p e r  p e  r i  o d 1 ( L o g e V  =  l o ^ k + ^ V t  l o g ee,  a n d  o f t  l o ^ e  = Q / t ,  
b e c a u s e  l o g ee = 1 , e -  2 , 7 1 8 2 5 ) .
A s  t h e  f i v e  m e t h o d s  a r e  q u i t e  d i f f e r e n t  w e  s h o u l d  e x p e c t  
t h e y  w i l l  g e n e r a t e  d i f f e r e n t  a b s o  i u t  e r e s u l t s .  H o w e v e r ,  we  
w o u l d  l i k e  t o  s e e  w h e t h e r  t h e s e  d i f f e r e n t  r e s u l t s  s h o w  t h e  
s a m e  r e l a t i v e  p i c t u r e .  T h i s  m a y  b e  e x a m i n e d  w i t h  p a i r - w i s e  
c o r r e l a t i o n s .  T h e  c o r r e l a t i o n s  b e t w e e n  t h e  f i v e  d i f f e r e n t  
s e t s  o f  r e s u l t s  a r e  s h o w n  i n  T a b l e  1 .
A . C .  C h i a n g ,  F u n d a m e n t a l  M e t h o d s  o f  M a t h e m a t i c a l  E c o n o m i c s ,  
M c G r a w - H i l l ,  1 9 7 4 ,  C h a p t e r  T e n ,  E x p o n e n t i a l  a n d  L o g a r i t h m i c  
F u n c t i o n s ,  p .  3 8 0 .
T a b l e  1 .  C o r r e l a t i o n  m a t r i x  o f  s c a l e  e c o n o m y  r e s u l t s ,
U . K .  1 9 6 3 .
T o p  20 T o p  5 0 $ M i d - P o i n t  H u f b a u e r  C a v e s
1 1
2 0 . 4 3 1
3 o • CO A 0 . 4 0 1
4
•tfo«o1 i o . o ox - 0 . 0 5  1
5 - 0 . 2 6 - 0 . 20 - 0 . 2 5  0 . 2 4  1
N o t e s S o u r c e : A p p e n d  i x B ,  t h e  n u m b e r  o f  o b s e r v a t i o n s  =
T h e  c o r r e l a t i o n s  b e t w e e n  t h e  v a r i o u s  m . e . f .  e s t i m a t e s  
a r e  r e l a t i v e l y  h i g h .  T h e  h i g h e s t  c o r r e l a t i o n  i s  b e t w e e n  
t h e  M i d - p o i n t  a n d  t h e  " T o p  2 0 " t y p e  o f  e s t i m a t e s .  T h i s  i s  
t o  b e  e x p e c t e d  b e c a u s e  o f  t h e  s i m i l a r  t e c h n i q u e s  o f  e s t i m a t i o n .  
O n  t h e  o t h e r  h a n d  t h e  c o r r e l a t i o n  b e t w e e n  s c a l e  e l a s t i c i t i e s  
a n d  t h e  C o s t  D i s a d v a n t a g e  R a t i o  ( C D R )  i s  s i g n i f i c a n t  b u t  
r a t h e r  l o w  ( . 2 4 ) ,  p e r h a p s  d u e  t o  t h e  d i f f e r e n t  p r o c e d u r e s .
T h e  a b o v e  c o r r e l a t i o n  i n c l u d e s  a l l  i n d u s t r i e s ,  i . e .  t h e  
e x p o r t i n g  a n d  n o n - e x p o r t i n g  i n d u s t r i e s .  H o w e v e r ,  i t  m a y  b e  
t h a t  t h e  c o r r e l a t i o n s  s h o w  a  d i f f e r e n t  p a t t e r n  f o r  t h e  
e x p o r t i n g  i n d u s t r i e s .  A c c o r d i n g l y ,  a n o t h e r  k i n d  o f  
c o r r e l a t i o n  w a s  r u n  b e t w e e n  t h e  m . e . f .  a n d  s c a l e  e l a s t i c i t y  
r e s u l t s  f o r  f o r t y  s e v e n  e x p o r t i n g  i n d u s t r i e s  o n l y .  T h e  
c o e f f i c i e n t s  a r e  s h o w n  i n  T a b l e  2 .
T a b l e  2 .  C o r r e l a t i o n  m a t r i x  o f  s c a l e  e c o n o m y  r e s u l t s ,
e x p o r t i n g  i n d u s t r i e s ,  U . K .  1 9 6 3 .
T o p  2 0 T o p  5 0 ^ M i d - p o i n t H u f  b a u  e r C a v e s
1 1
2
cu00»o 1
3 0 . 1 8
r-tco.o 1
4 0 . 0  6 0 . 2 2 - 0 .  0 9 1
5 - 0 . 1 9 - 0 .  2 5 - 0 . 2 3
COooi 1
N o t  e s T h e  n u m b e r  o f  o b s e r v a t i o n s  = 4 7
T h e  r e s u l t s  o f  t h e  e x p o r t i n g  i n d u s t r i e s  c o r r e l a t i o n  
s h o w  n o  s i g n i f i c a n t  c h a n g e s  o v e r  t h e  p r e v i o u s  c o r r e l a t i o n s ;
t h e  c o r r e l a t i o n s  a r e  s t i l l  h i g h e r  ( a n d  s i g n i f i c a n t )  b e t w e e n  
t h e  r n . e . f .  r e s u l t s  t h a n  b e t w e e n  t h e  m . e . f .  a n d  e i t h e r  
H u f b a u e r 1 s  o r  C a v e s 1 r e s u l t s .
T h e  h i g h e s t  c o r r e l a t i o n  i s  b e t w e e n  " T o p  2 0 "  a n d  
" T o p  5 0 "  r e s u l t s .  A l s o  t h e  c o r r e l a t i o n  i s  m o r e  s i g n i f i c a n t  
b e t w e e n  a n y  o f  t h e  m . e . f .  r e s u l t s  a n d  C a v e s  t h a n  b e t w e e n  
t h e  f o r m e r  a n d  H u f b a u e r .  P e r h a p s  t h i s  i s  d u e  t o  t h e  f a c t  
t h a t  C a v e s *  m e t h o d  i s  v e r y  m u c h  n e a r e r  t o  t h e  " T o p  5 0 ^ "  
i n d e x ,  b u t  t h e  o n l y  d i f f e r e n c e  t h a t  t h e  " T o p  50J &"  i n d e x  
d e a l s  w i t h  e m p l o y m e n t  a s  a  m e a s u r e  o f  s i z e  w h i l e  C a v e s  
d e a l s  w i t h  n e t  o u t p u t  p e r  h e a d  i n  t h e  T o p  a n d  B o t t o m  50fo,  
T h e s e  r e s u l t s  c o r r o b o r a t e  a  r e c e n t  s t u d y  o f  E d w a r d  M i l l e r 1 .
H e  e s t i m a t e d  t h e  e x t e n t  o f  e c o n o m i e s  o f  s c a l e  a n d  t h e  e f f e c t s  
o f  f i r m  s i z e  o n  l a b o u r  p r o d u c t i v i t y  a n d  w a g e  r a t e s  i n  t h e  
A m e r i c a n  m a n u f a c t u r i n g  i n d u s t r i e s .  H e  f o u n d  t h a t  d i f f e r e n t
E . M .  M i l l e r ,  ’ T h e  E x t e n t  o f  E c o n o m i e s  o f  S c a l e :  T h e  E f f e c t s
o f  F i r m  S i z e  o n  L a b o u r  P r o d u c t i v i t y  a n d  W a g e  R a t e s ’ ,
S o u t h e r n  E c o n o m i c  J o u r n a l ,  J a n .  1 9 7 8 ,  p p  4 7 0 - 4 8 7 .
i n d i c e s ,  l i k e  e m p l o y m e n t ,  v a l u e  a d d e d ,  o r  l a b o u r  
p r o d u c t i v i t y ,  l e a d  t o  t h e  s a m e  c o n c l u s i o n s  a b o u t  t h e  
a d v a n t a g e s  o f  l a r g e  f i r m s  o v e r  t h e  s m a l l e r  o n e s .  T h i s  
s u g g e s t s  t h a t  t h e r e  i s  a  v e r y  h i g h  c o r r e l a t i o n  b e t w e e n  
t h e s e  v a r i o u s  i n d i c e s  o f  s i z e  m e a s u r e m e n t .
I n  s p i t e  o f  a l l  t h e  d i f f e r e n c e s  b e t w e e n  t h e  v a r i o u s  
m e t h o d s  o f  e s t i m a t i n g  s c a l e  e c o n o m i e s ,  a n d  a s  m e n t i o n e d  
i n  c h a p t e r  t w o ,  I  w i l l  u s e  H u f b a u e r ' s  s c a l e  e l a s t i c i t y  
r e s u l t s  i n  my  i n t e r n a t i o n a l  t r a d e  t e s t s .  T h e  H u f b a u e r  
m e t h o d  h a s  t h e  a d v a n t a g e  o f  o f f e r i n g  a  p o i n t  e l a s t i c i t y  
e s t i m a t e  a n d ,  m o r e o v e r ,  t h e  u n d e r l y i n g  c o s t  c u r v e  i s  i n  
l i n e  w i t h  t h a t  u s e d  i n  t h e  t h e o r e t i c a l  s t u d i e s  o f  e c o n o m i e s  
o f  s c a l e  a n d  i n t e r n a t i o n a l  t r a d e .  A c c o r d i n g l y  o u r  
i n t e r n a t i o n a l  t r a d e  t e s t s  b e l o w  w i l l  b e  c o n f i n e d  t o  t h e  
u s e  o f  H u f b a u e r  t y p e  o f  e s t i m a t i n g  s c a l e  e c o n o m i e s .
F u r t h e r m o r e ,  i n  C h a p t e r  t w o  we  s t a t e d  t h a t  o u r  a n a l y s i s  
w o u l d  b e  c o n f i n e d  t o  s t a t i c  e c o n o m i e s  o f  s c a l e  a n d  
h o m o t h e t i c  p r o d u c t i o n  f u n c t i o n ;  t h e  r e l a t i o n s h i p  b e t w e e n  
a v e r a g e  s i : z e  o f  p l a n t s  o r  f i r m s  a n d  c a p i t a l  i n t e n s i t y  
w o u l d  n o t  b e  p o s i t i v e l y  a s s o c i a t e d  w i t h  e a c h  o t h e r #  I n  
o r d e r  t o  t e s t  t h i s  p o i n t ,  s c a l e  e l a s t i c i t i e s  o f  t h e  
e x p o r t i n g  i n d u s t r i e s  w e . r e  r e - e s t i m a t e d ,  i n c l u d i n g  c a p i t a l -  
l a b o u r  r a t i o  a s  i n d e p e n d e n t  v a r i a b l e ,  i n  a d d i t i o n  t o  t h e  
l e v e l  o f  e m p l o y m e n t #  A s  a  r e s u l t  o f  t h e  r e g r e s s i o n s ,  i t  
w a s  f o u n d  t h a t  t h e  m a j o r i t y  o f  i n d u s t r i e s  h a d  i n s i g n i f i c a n t  
c a p i t a l  i n t e n s i t y  w h i c h  c o r r o b o r a t e s  o u r  p r e v i o u s  a s s u m p t i o n  
o f  c o n s t a n t  r e t u r n s  t o  s c a l e  i n  i n t e r n a t i o n a l  t r a d e #
3 . 3  THE U N IT E D  KING DO M  R ESULTS AT THE PLAN T L E V E L , 1 9 6 3 .
As  we m e n t i o n e d  i n  C h a p t e r  t w o ,  e c o n o m i e s  o f  s c a l e  
may  a r i s e  a t  t h e  l e v e l  o f  f i r m ,  o r  p l a n t .  T h e  e s t i m a t e s  
s h o w n  a b o v e  a r e  a t  f i r m  l e v e l .  T o t a l  e m p l o y m e n t  ( c o l u m n  
4 i n  t a b l e  3 ,  t h e  I r o n  a n d  S t e e l  i n d u s t r y  N o .  3 1 l )  w a s  
d i v i d e d  b y . t h e  n u m b e r  o f  f i r m s  ( c o l u m n  2 o f  t h e  sam e t a b l e )  
t o  g e t  t h e  m i d - p o i n t  f i r m  i n  e a c h  s i z e - c l a s s .
I n  t h i s  s e c t i o n ,  s c a l e  e l a s t i c i t i e s  a t  t h e  p l a n t
1
l e v e l  w e r e  e s t i m a t e d ,  u s i n g  d a t a  o n  s i z e  b y  e s t a b l i s h m e n t s  . 
T h e s e  r e s u l t s  a r e  s h o w n  i n  A p p e n d i x  C.
3 . 4  THE U N IT E D  KING DO M  1 9 7 2  R ESU LTS
T h e s e  a r e  s c a l e  e l a s t i c i t i e s  a t  f i r m  a n d  p l a n t  l e v e l s ,  
e s t i m a t e d  b y  a p p l y i n g  H u f b a u e r ’ s m e t h o d .  The  r e s u l t s  a r e  
s h o w n  i n  A p p e n d i x  D .  T a b l e  3 s h o w s  t h e  c o r r e l a t i o n  
c o e f f i c i e n t s  b e t w e e n  t h e s e  r e s u l t s  a n d  t h e  U . K .  i n  1 9 6 3 .
T a b l e  3 C o r r e l a t i o n  m a t r i x  o f  t h e  U n i t e d  K i n g d o m
R e s u l t s  i n  1 9 6 3  a n d  1 9 7 2  a t  f i r m  a n d  p l a n t  
l e v e l s ,  a s  e s t i m a t e d  b y  H u f b a u e r ’ s m e t h o d .
1
■ 0 . 0 0 5  
0 . 0 2  
0 . 0 0 5
1
- 0 . 1 4
0 .  99
1
- 0 . 1 4
N o t e s F , P  = S c a l e  e l a s t i c i t y  a t  f i r m  a n d  p l a n t  
l e v e l s  r e s p e c t i v e l y ,  3 a n d  7 s t a n d  f o r  1 9 6 3  
a n d  1 9 7 2  r e s p e c t i v e l y ,  t h e  n u m b e r  o f  
o b s e r v a t i o n s  = 1 1 2
^ R e p o r t  o n  t h e  C e n s u s  o f  P r o d u c t i o n  1 9 6 3 ,  131 -  S u m m a ry
T a b l e s  1 - 1 2 ,  T a b l e  4 ,  L o n d o n  H . M . S . 0 .  1 9 6 9 ,
3 6 .
T a b l e  3 r e v e a l s  t h a t  t h e  c o r r e l a t i o n s  b e t w e e n  f i r m  
a n d  p l a n t  e l a s t i c i t i e s ,  f o r  t h e  y e a r s  1 9 6 3  a n d  1 9 7 2 ,  w e r e  
g e n e r a l l y  l o w .  T h e  o n l y  s i g n i f i c a n t  c o r r e l a t i o n  w a s  
b e t w e e - n  f i r m s  a n d  p l a n t s  i n  1 9 7 2  ( F ^  , P , , ) . T h i s  r e s u l t  
m a y  b e  d u e  t o  s t r u c t u r a l  c h a n g e s  s i n c e  1 9 6 3 ,  w h i c h  b r o u g h t  
t h e  e l a s t i c i t y  o f  f i r m  a n d  p l a n t  s i z e  c l o s e r  t o  e a c h  
o t h e r »
3 . 5  THE U N IT E D  S T A T E S  R ESU LTS
T h e s e  a r e  1 9 7 2  s c a l e  e l a s t i c i t i e s  e s t i m a t e d  b y  
a p p l y i n g  H u f b a u e r f s m e t h o d  a n d  s h o w n  i n  A p p e n d i x  E .  T h e  
A p p e n d i x  a l s o  s h o w s  t h a t  1 9 6 3  e l a s t i c i t i e s  a s  e s t i m a t e d  
b y  H u f b a u e r  h i m s e l f 1 .
T a b l e  4 .  C o r r e l a t i o n  r e g r e s s i o n s  b e t w e e n  t h e  U . S .  a n d  
t h e  U . K .  e l a s t i c i t i e s , .  1 9 6 3  a n d  19 7 2 .
U.  IC.
P 3 P 7
U.
P 3
S.
P 7
1 1
2 - 0 .  02 1
3 0 . 2 6 0 . 0 6 1
4 0 , 1 9 0 . 1 7 0 . 1 2 1
N o t e s T h e  n u m b e r o f o b s e r v a t i o n s  = 8 4 , P = S c a l e
e l a s t i c i t y a t t h e  p l a n t  l e v e l , 3 a n d  7 =
1 9 6 3  a n d  1 9 7 2 r e s p e c t i v  e l y .
T a b l e  4 s h o w s  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  w i t h  t h e  
c o r r e s p o n d i n g  U . K .  r e s u l t s o  T h e  c o r r e l a t i o n  r e s u l t s  w e r e  
m o s t l y  s i g n i f i c a n t  b e t - v e e n  t h e  t w o  c o u n t r i e s ,  w h i c h  i n d i c a t e s  
a s i m i l a r  p r o d u c t i o n  f u n c t i o n .  H o w e v e r ,  t h e  U . S .
1
T h e  d a t a  c o n v e r t e d  f r o m  f o u r - d i g i t s  S I C  t o  t h r e e  d i g i t s  
S I T C  ( S t a n d a r d  I n t e r n a t i o n a l  T r a d e  C l a s s i f i c a t i o n )  T h i s  
c o n v e r s i o n  w a s  m a d e  p o s s i b l e  b y  u s i n g  t h e  c o n c o r d a n c e  
t a b l e  ( A—1 )  i n  G.  H u f b a u e r ' s  a r t i c l e ,  ’ The  i m p a c t  o f  N a t i o n a l  
C h a r a c t e r i s t i c s  a n d  t e c h n o l o g y  o n  t h e  C o m m o d i t y  C o m p o s i t i o n  
o f  T r a d e  i n  M a n u f a c t u r e d  G o o d s ' ,  P .  2 0 9 ,
c o r r e l a t i o n s ,  b e t w e e n  i t s  o wn  r e s u l t s  f o r  t h e  y e a r s  1 9 6 3  
a n d  1 9 7 2 ,  w e r e  m o r e  s i g n i f i c a n t  t h a n  t h e  c o r r e s p o n d i n g  
U .IC . r e s u l t s ,  s h o w i n g  some s t r u c t u r a l  c h a n g e s  h a v e  o c c u r r e d  
i n  U . K .  i n d u s t r i e s  b e t w e  e n  1 9 6 3 - 1 9 7 2 .
3 . 6  THE C O V A R IA N C E  TE S TS
T h e  c o v a r i a n c e  a n a l y s i s  i s  w e l l  e x p l a i n e d  i n  s e v e r a l  
t e x t s * , a b r i e f  s u m m a ry  i s  g i v e n  i n  A p p e n d i x  F .  T h e  
u n d e r l y i n g  i d e a  i s  t h a t ,  s o me  v a r i a b l e s  may  be  d i f f i c u l t  
t o  c o n t r o l  a n d  m i s s i n g  f r o m  t h e  r e g r e s s i o n  e q u a t i o n s .
T h e i r  e x c l u s i o n  w i l l  a f f e c t  t h e  e r r o r s  t e r m  i n  t h e  e q u a t i o n s .  
T h e  m o s t  u s e f u l  a p p l i c a t i o n  o f  t h e  t e c h n i q u e  i s  t o  d e t e r m i n e  
w h e t h e r  a n y  s t r u c t u r a l  c h a n g e s  h a v e  o c c u r r e d  i n  t h e  
e s t i m a t e d  r e l a t i o n s h i p s  o v e r  t w o  p e r i o d s  o f  t i m e .  I n  
t h i s  s e c t i o n  I  t e s t  w h e t h e r  t h e r e  h a v e  b e e n  a n y  s t r u c t u r a l  
c h a n g e s  i n  s c a l e  e c o n o m y  e l a s t i c i t i e s  i n  U . K .  m a n u f a c t u r i n g  
i n d u s t r i e s  b e t w e e n  1 9 6 3 - 1 9 7 2 .  The  p r o c e d u r e  i s  a s  f o l l o w s :  
F o r  e v e r y  i n d u s t r y  t h e r e  w i l l  b e  f o u r  r e g r e s s i o n  e q u a t i o n s ,  
t h e  f i r s t  u s e s  1 9 6 3  d a t a ,  t h e  s e c o n d  i s  f o r l 9 7 2 ,  t h e  t h i r d  
p o o l s  t h e  d a t a  f o r  1 9 6 3  a n d  1 9 7 2 ,  a n d  i n  t h e  f o u r t h  I  u s e  
a dum m y v a r i a b l e  t o  s t a n d  f o r  d i f f e r e n t i a l  i n t e r c e p t s  a n d  
s l o p e s .
T h e  c o m p l e t e  p r o c e d u r e  o f  t h e  c o v a r i a n c e  a n a l y s i s  c a n  
b e  s h o w n  w i t h  a n  e x a m p l e  f o r  i n d u s t r y  N o .  2 7 4 ,  t h e  P a i n t
*“T h e  b e s t  t e x t  i s ,  E c o n o m e t r i c  M e t h o d s ,  S e c o n d  E d i t i o n ,  
M c G r a w  H i l l ,  1 9 7 2 ,  b y  J ,  J o h n s t o n ,  C h a p t e r  F i v e ,  p . 1 9 7 ,
3 8 .
\
V  =  V a l u e  a d d e d  p e r  h e a d  i n  a  g i v e n  s i z e  c l a s s  
E  s  T o t a l  e m p l o y m e n t  i n  a  g i v e n  s i z e  c l a s s  
S S R  =  T h e  s u m  o f  s q u a r e d  r e s i d u a l s
a n d  P r i n t i n g  I n k  •
1 .
1 1
i n
IV
D = A  d u m m y v a r i a b l e  w h i c h  a s s u m e s  t h e  v a l u e
o f  z e r o  f o r  1 9 6 3  a n d  o n e  f o r  1 9 7 2  o b s e r v a t i o n s .
1 9 6 3 2 7 4  =  7 . 1 7 3  +  0 . 0 4 7 E
* ( . 1 )  ( . 0 2 )  
( 4 1 . 4 9 )  ( 1 . 6 7 )
2 7 4 R  =  . 2 5  
S S R  =  0 . 1 0 9 8 1 6
1 9 7 2
2 7 4
=  1 . 3 9 1  +  1 . 5 6 6 E
( 1 . 1 )  ( . 3 )
( 1 . 2 2 )  ( 4 . 5 2 )
2 7 4 R  =  . 7 4  
S S R  =  3 3 . 3 1 2 7 9 2
1 9 6 3 + 1 9 7 2  V 2 7  4
=  4 . 6 9 9  +  0 . 5 4 4 E
( . 9 )  ( . 1 )
( 4 . 8 1 )  ( 2 . 9 5 )
2 7 4 R  =  . 3 3  
S S R  4 0 . 1 1 7 4 5 4
1 9 6 3 + 1 9 7 2  V 2 7 4 =  4 . 7 0 4  +  0 . 6 1 9 E
( ♦ 9 ) ( . 1 )
( 4 . 8 3 )  ( 3 . 1 5 )
2 7 4 -  1 . 1 5 3 D
( 1 . )
2 7 4 R  =  . 3 8
( - 1 . 0 6 )
S S R  = 3 7 . 4 8 7 2 0 3  :
T a b l e  5  p r e s e n t s  a  c o m p l e t e  a n a l y s i s  o f  t h e  c o v a r i a n c e  
p r o c e d u r e  f o r  i n d u s t r y  N o .  2 7 4 :
I  l i m i t e d  t h e  t e s t  t o  20 i n d u s t r i e s ,  d u e  t o  t h e  f a c t  t h a t  
t h e  a n a l y s i s  f o r  e a c h  i n d u s t r y  r e q u i r e s  c o n s i d e r a b l e  e f f o r t .  
T h e s e  i n d u s t r i e s  h a v e  b e e n  c h o s e n  a c c o r d i n g  t o  t h e i r  r e l a t i v e  
i m p o r t a n c e  i n  p r o d u c t i o n  a n d  e x p o r t s .
* T h e  f i r s t  r o w  o f  b r a c k e t s  a r e  t h e  s t a n d a r d  d e v i a t i o n s  w h i l e  
t h e  s e c o n d  a r e  t h e  T  s t a t i s t i c s .
M = N u m b e r  o f  o b s e r v a t i o n s  o f  one  c l a s s  ( i . e .  o n e  y e a r ,  1 9 6 3  
o r  1 9 7 2 ,  t h e  o b s e r v a t i o n s  f o r  b o t h  y e a r s  s h o u l d  be  e q u a l )
P = N u m b e r  o f  c l a s s e s  ( i n  o u r  c a s e ,  t h e r e  a r e  t w o  c l a s s e s  
i . e .  1 9 8 3  a n d  1 9 7 2 )
n = MP ( i . e .  t h e '  n u m b e r  o f  o b s e r v a t i o n s  m u l t i p l i e d  b y  t h e  
n u m b e r  o f  c l a s s e s )
T a b l e  5 C o m p l e t e  a n a l y s i s  o f  t h e  c o v a r i a n c e  t e c h n i q u e  f o r  
i n d u s t r y  N o .  2 7 4
K = 2 ,  M = 9 ,  P = 2 ,  mp = 18
K = N u m b e r  o f  v a r i a b l e s  i n  t h e  r e g r e s s i o n  e q u a t i o n
S o u r c e
o f
e r r o r s
S u m  o f  S q u a r e d  
R e s i d u a l s  ( S S R )
D e g r e e  o f  
F r e e d o m
M e a n  
S q u a  r e
R e  s i  d u a l
r r = Y Y - b Z Y = S  0 . 1 0 9 8 1 6 + 3 3 . 3 1 2 7 9 2 =  4 p ( m - k ) 14
S
4
Z
3 3 . 4 2 2 6 0 8
p ( m - k )
I n c r e m e n t a l  
( D i f f  e r e n t i a l  
S l o p e  V e c t o r )
e/e -  r  r  =  b Z Y -W y -  4 . 0  6 4 5 9 5 P K -P -K + 1 + 1
S
3 i
b x y = s q
u
( P K -P -K + 1
X e ' e - Y Y - ^ D Y - B X Y  3 7 . 4 8 7 2 0 3
= s 9 = s  + S
M P - P - K + l 15
S
2
a n d
d o  4
( M P -P -K +
0
D
I n c r e m e n t a l  
( D i f  f  e r e n t i  a l  
I n t e r c e p t s ^ ,
f f x Y e = S j Y + B X Y  2 * 6 3 0 2 5 1 P - l 1
s
l
V 1
X
R e s i d u a l
S S = Y Y - ^ X Y  4 0 . 1 1 7 4 5 4 M P -K 16
4 0 .
T h e  s u m  o f  s q u a r e d  r e s i d u a l s  o f  ( S ^ )  i u  t h e  e q u a t i o n  
/ / / /  /
r r = Y Y - b Z Y  ( i . e .  t h e  s e p a r a t e  r e g r e s s i o n  e q u a t i o n  f o r  e v e r y
1 9 6 3  a n d  1 9 7 2  d a t a )  i s  e q u a l  t o  t h e  s u m  o f  s q u a r e d  r e s i d u a l
o f  e q u a t i o n  i «  ( 0 . 1 0 9 8 1 6 ) ,  w h i c h  e m p l o y e d  1 9 6 3  d a t a  a n d  t h e
s u m  o f  s q u a r e d  r e s i d u a l  o f  e q u a t i o n  i i .  ( 3 3 . 3 1 2 7 9 2 ) ,  w h i c h
e m p l o y e d  1 9 7 2  d a t a .  T h a t  i s  S 4 =  0 . 1 0 9 8 1 6 + 3 3 . 4 2 2 6 0 8 =  3 3 . 4 2 2 6 0 8 .
h a s  a  d e g r e e  o f  f r e e d o m  e q u a l  t o  1 4  ( i . e .  P ( M - K ) = 2 ( 9 - 2 ) = 1 4 ) •
E q u a t i o n  i i i .  d e a l s  w i t h  t h e  p o o l e d  d a t a  r e g r e s s i o n  o f  1 9 6 3
a n d  1 9 7 2 ,  t h e  r e g r e s s i o n  g i v e s  a  s u m  o f  s q u a r e d  r e s i d u a l  e q u a l
t o  4 0 . 1 1 7 4 5 4  a n d  t h i s  i s  s h o w n  i n  t a b l e  5 b e f o r e  t h e  e q u a t i o n
S S = Y Y - B X Y .  E q u a t i o n  i v .  i n c l u d e s ,  i n  a d d i t i o n  t o  t h e  p o o l e d
d a t a  r e g r e s s i o n  o f  1 9 6 3  a n d  1 9 7 2 ,  a  d um m y v a r i a b l e  f o r  t h e
d i f f e r e n t i a l  i n t e r c e p t s  a n d  s l o p e s  g e n e r a t e d  b y  s o m e  o f  t h e
m i s s i n g  v a r i a b l e s  i n  t h e  r e l a t i o n s h i p .  T h i s  l a t t e r  e q u a t i o n
g i v e s  a  s u m  o f  s q u a r e d  r e s i d u a l  e q u a l  t o  3 7 . 4 8 7 2 0 3  w h i c h  i s
,  /  £ f /  IS*
s h o w n  i n  t a b l e  5  b e f o r e  t h e  e q u a t i o n  e e s Y Y - ^ ' D Y - B X Y ,  w h i c h
/  /
e q u a l s  S g .  S S  h a s  a  d e g r e e  o f  f r e e d o m  e q u a l  t o  1 6 ,  a n d  e e  h a s
a  d e g r e e  o f  f r e e d o m  e q u a l  t o  1 5  ( i . e .  M P - K = 9 x 2 - 2 = 1 6 ,  a n d
M P - P - I C +  1 =  9 x 2 - 2  +  1 =  1 5  ) . S 3 i s  e q u a l  t o  e ^ e - r r ,  w h i c h  i s  e q u a l
t o  S 0 - S  a n d  S  = 3 7 . 4 S 7 2 0 3 - 3 3 . 4 2 2 6 0 8 = 4 . 0 6 4 5 9 5 ;  t h i s  i s  s h o w n  2 4  3 ’
/  /  / /  fc-v 'M'
i n  t a b l e  5  b e f o r e  e e - r r = b Z Y - 9 D Y - B X Y = S  , w h i c h  h a s  a  d e g r e eo
o f  f r e e d o m  e q u a l  t o  P K - P - K + 1 = 2 x 2 - 2 - 2 - l = + l . S ^  i s  e q u a l  t o
/  /
t h e  d i f f e r e n c e  b e t w e e n  S  S  a n d  e e .  T h i s  e q u a l  t o
4 0 . 1 1 7 4 5 4 - 3 7 . 4 8 7 2 0 3 = 2 . 6 3 0 2 5 1  a n d  h a s  a  d e g r e e  o f  f r e e d o m
o f  P - l = 2 - l = l .  S g  i s  e q u a l  t o  S g + S ^  a n d  h a s  a  d e g r e e  o f
f r e e d o m  e q u a l  t o  M P - P - I C + 1  =  1 5 .
Now* t h e  t e s t  i s  e q u a l  t o  t h e  e q u a t i o n :
S 1
P - l
fj2__
M P - P - K + 1
w h i c h  m e a s u r e s  t h e  e x i s t e n c e  o f  d i f f e r e n t i a l  i n t e r c e p t s  
a n d  ^ ( 2 ) ecl u a l  e q u a t i o n :
S „
P K - P - K + l
S 4
P( M- K)
w h i c h  m e a s u r e s  t h e  e x i s t e n c e  o f  d i f f e r e n t i a l  s l o p e s .
H a v i n g  e x p l a i n e d  t a b l e  5  a n d  t h e  c o v a r i a n c e  t e c h n i q u e ,  
we  n o w  a p p l y  E ( i )  a n c * F ( 2 )  ^ e s ^ s  i n d u s t r y  N o .  2 7  4  a s  
f o l l o w s .
T E S T  F O R  D I F F E R E N T I A L  I N T E R C E P T S
S I  2 . 6 3 0 2 5 1
F ( 1 ) " * -  • 1  = 1 *05
2 3 7 . 4 8 7 2 0 3
M P - P - K + 1  Y 5 ----------
B u t  w i t h  ( l g l 5 )  d e g r e e  o f  f r e e d o m ,  t h e - v a l u e  o f  F  
d i s t r i b u t i o n  a t  5 $  p r o b a b i l i t y  l e v e l  f r o m  F  t a b l e  i s  e q u a l  
t o  4 . 5 4  w h i c h  i s  h i g h e r  t h a n  1 . 0 5 ,  a n d  s u g g e s t i n g  t h e  i n t e r c e p t  
t o  h a v e  n o  s i g n i f i c a n t  c h a n g i n g  e f f e c t  b e t w e e n  1 9 6 3  a n d  1 9 7 2 .  
S i m i l a r l y  b y  f o l l o w i n g  t h e  a b o v e  p r o c e d u r e ,  t h e  r e s t  o f  
i n d u s t r i e s  w h i c h  a r e  i n c l u d e d  i n  o u r  t e s t  w i l l  h a v e  t h e  
d i f f e r e n t i a l  i n t e r c e p t  ( F ^ ^  t e s t )  r e s u l t s  a s  s h o w n  i n  T a b l e
B A p p e n d i x  F * - .
^ T h e  c o v a r i a n c e  r e g r e s s i o n  e q u a t i o n s  f o r  t h e  r e s t  o f  t h e  20  
i n d u s t r i e s  c a n  b e  s e e n  a t  t h e  e n d  o f  A p p e n d i x  F ,  t a b l e  A .
T E S T  F O R  D I F F E R E N T I A L  S L O P E S
P K - P - K + 1
p ( m - k )
A p p l y i n g  t h e  t e s t  t o  i n d u s t r y  N o .  2 7 4 ,  we  w i l l  h a v e
4 . 0 6 4 5 9 5
1 1 . 7
3 3 . 4 2 2 6 0 8
1 4
T h e  v a l u e  o f  F  d i s t r i b u t i o n  a t  5 $  p r o b a b i l i t y  l e v e l  
a n d  w i t h  ( 1 , 1 4 )  d e g r e e  o f  f r e e d o m  i s  =  4 . 6 0 ,  w h i c h  i s  
h i g h e r  t h a n  1 . 7 ,  a n d  s o  w e  r e j e c t  t h e  h y p o t h e s i s  o f  d i f f e r e n t i a l  
s l o p e s  i n  i n d u s t r y  N o ,  2 7 4 .  T h e  T ^ g )  t e s t  r e s u l t s  f o r  t h e
r e s t  o f  t h e  . I n d u s t r i e  s  c a n  b e  s e e n  i n  t a b l e  B ,  A p p e n d i x  F .
T h e  F  t e s t s  h a v e  r e v e a l e d  t h a t  a  s i g n i f i c a n t  p r o p o r t i o n  
o f  i n d u s t r i e s  ( t a b l e  B ,  A p p e n d i x  F )  h a v e  h a d  d i f f e r e n t i a l
i n t e r c e p t s  i n  1 9 7 2  c o m p a r e d  w i t h  1 9 6 3 .  T h e  r e a s o n  m a y  b e
r e l a t e d  t o  s o m e  f a c t o r s  s u c h  a s  t e c h n o l o g i c a l  c h a n g e s ,  p r o d u c t  
d i f f e r e n t i a t i o n ,  m a r k e d  d e m a n d ,  l a b o u r  r e l a t i o n s ,  p r o d u c t i v i t y  
c h a n g e s ,  a n d  m a n a g e m e n t  a n d  f i n a n c e .  H o w e v e r ,  t h e  r e s u l t s  
o f  t h e  d i f f e r e n t i a l  s l o p e s  s h o w  a s i m i l a r  b u t  s l i g h t l y  
d i f f e r e n t  p a t t e r n .  T h o u g h  m o s t  i n d u s t r i e s  s h o w  s h a r p  c h a n g e s  
i n  t h e i r  s l o p e s ,  s i x  o f  t h e m  h a v e  n o  s i g n i f i c a n t  c h a n g e s .
T h e  s i x  i n d u s t r i e s  a r e  i n d u s t r y  N o . 1 0 3 , t h e  C h a l k ,  C l a y ,
S a n d  a n d  G r a v e l  E x t r a c t i o n ;  i n d u s t r y  N o .  2 7 4 , P a i n t  a n d  
P r i n t i n g  I n k ;  i n d u s t r y  N o . 4 2 3 , T e x t i l e  F i n i s h i n g ;  i n d u s t r y
No  o 4 7  2 , S o f t  F u r n i s h i n g s ;  i n d u s t r y  N o . 4 9  3 , B r u s h e s  a n d
B r o o m s ;  a n d  i n d u s t r y  N o .  6 0 3 , W a t e r  S u p p l y .  T h e  r e a s o n ,
i
p e r h a p s ,  i s  t h a t  t h e s e  i n d u s t r i e s  h a v e  a s t a b l e  c o s t - s c a l e  
r e l a t i o n  b e t w e e n  1 9 6 3 - 1 9 7 2  a n d  no  s i g n i f i c a n t  f a c t o r s  h a v e  
o c c u r r e d  t o  c a u s e  t h e i r  s l o p e s  t o  s h i f t  o r  c h a n g e  e l a s t i c i t y  
O r  e v e n  i f  t h e y  h a v e  c h a n g e s  i n  t h e i r  s l o p e s ,  t h e i r  s c a l e  
t o  c o s t  e l a s t i c i t i e s  r e m a i n e d  c o n s t a n t .  A d d  t o  t h a t ,  some 
o f  t h o s e  i n d u s t r i e s  h a v e  d i f f e r e n t i a l  i n t e r c e p t s ,  w h i c h  
m e a n s  t h a t  t h o u g h  s ome  f a c t o r s ,  l i k e  n e w  t e c h n o l o g y ,  o r  
p r o d u c t  d i f f e r e n t i a t i o n  h a v e  h a d  a n  e f f e c t  o n  t h e i r  
i n t e r c e p t s ,  no  d r a s t i c  c h a n g e s  h a v e  s h i f t e d  t h e i r  s l o p e s .  
A l t e r n a t i v e l y ,  i t  c o u l d  b e  t h a t  no  i m p o r t a n t  c h a n g e s  h a v e  
h a p p e n e d  t o  t h e i r  s i z e s  t o  a l t e r  t h e i r  c o s t s .
A l l  i n  a l l  w h e t h e r  t h e  c h a n g e  i s  i n  t h e  i n t e r c e p t  o r  
i n  t h e  s l o p e ,  m a n y ’ i m p o r t a n t  f a c t o r s  may p l a y  a r o l e  i n  
a f f e c t i n g  t h e  o p p o r t u n i t y  o f  s c a l e  e c o n o m i e s  i n  a n y  i n d u s t r y  
T h e s e  f a c t o r s  c a n  be  b e s t  i d e n t i f i e d  b y  l o o k i n g  a t  t h e  
s o u r c e s  o f  s c a l e  e c o n o m i e s  i n  t h e  i n d u s t r y  c o n c e r n e d  i n  
o r d e r  t o  l o c a t e  t h o s e  w h i c h  m a y  s h o w  c h a n g e s  i n  t h e i r  c o s t s  
c o n d  i  t i  o n  ©
CHAPTER k K
ECO N O M IES O F S C A L E ,  HUMAN S K I L L S ,  T A R I F F S ,  AND TH E E X P O R T S  AND IM PO RTS
O F U . K .  AND U . S . A .
T h i s  c h a p t e r  c o n c e n t r a t e s  o n  t h e  r o l e  o f  e c o n o m ie s  o f  s c a l e  on  
t h e  l e v e l  o f  d o m e s t ic  p r o d u c t i o n  e x p o r t s  a n d  im p o r t s  i n  t h e  U n it e d  
K in g d o m  a n d  t h e  U n i t e d  S t a t e s . O t h e r  f a c t o r s  s u c h  a s  hum an s k i l l s  a n d  
t a r i f f s  w i l l  a l s o  b e  c o n s i d e r e d .
T h e  s c a l e  e co n o m y  t h e o r y  w a s f i r s t  t e s t e d  b y  G . C .  H u fb a u e r* * .
He a r g u e d  t h a t  l a r g e  n a t i o n s  b e c a u s e  o f  a n  a s s u m e d  home m a r k e t  w i l l  
s p e c i a l i s e  i n  g o o d s  p r o d u c e d  w i t h  i n c r e a s i n g  r e t u r n s  i n  r e l a t i o n  t o  
i n d u s t r y  s i z e .  A  s m a l l  n a t i o n  m a y  o c c a s i o n a l l y  d e v e lo p  a  s c a l e  e co n o m y  
i n d u s t r y  r e l y i n g  o n  l a r g e  e x p o r t s ,  t h o u g h  g e o g r a p h i c a l  d i s t a n c e  a n d  
t r a d e  b a r r i e r s  ( w i t h  m e n t io n  t o  t a r i f f s  a n d  q u o t a )  w i l l  r e s t r i c t  t h i s  
p o s s i b i l i t y .  M o r e o v e r ,  l a r g e  i n d u s t r i e s  a r e  u s u a l l y  t h e  p r o p e r t y  o f  
l a r g e  n a t i o n s  w h ic h  w i t h  s p e c i a l i s e d  p r o d u c t io n  o f  s c a l e  eco n o m y  
g o o d s ,  b r i n g  c e r t a i n  a d v a n t a g e s .
H u f b a u e r * s  p r o c e d u r e  f o r  t e s t i n g  t h e  s c a l e  e co n o m y  t h e o r y  c a n
b e  o u t l i n e d  a s  f o l l o w s : I f  OC. i s  t h e  s c a l e  e l a s t i c i t y  o f  t h e  j t h
I
i n d u s t r y ,  a n d  X .  i s  t h e  p r o p o r t i o n  o f  t h e  c o u n t r y ' s  e x p o r t s  d u e  t o  t h e  
I
j t h  i n d u s t r y ,  t h e  s c a l e  e c o n o m ie s  e m b o d ie d  i n  t o t a l  e x p o r t s  c o u l d  b e
Z /  £ X - X . .  He t e s t e d  w h e t h e r  t h o s e  c o e f f i c i e n t s  c o u l d  b e  r e l a t e d
J  J  J
t o  som e i n d e x  o f  a  c o u n t r y ' s  s i z e .  F o r  a  t w e n t y - f o u r  n a t i o n  s a m p le  h e  
f o u n d  a  f a i r l y  s a t i s f a c t o r y  r e s u l t  u s i n g  n a t i o n a l  m a n u f a c t u r i n g  o u t p u t ,
T
G . C .  H u f b a u e r ,  'T h e  Im p a c t  o f  N a t i o n a l  C h a r a c t e r i s t i c s  a n d  t e c h n o l o g y  
o n  t h e  c o m m o d it y  c o m p o s i t i o n  o f  T r a d e  i n  M a n u f a c t u r in g  G o o d s ' ,  i n  
R .  V e r n o n ,  T h e  T e c h n o lo g y  F a c t o r  i n  I n t e r n a t i o n a l  T r a d e ,  New Y o r k ,
1970.
GDP, and GDP per c a p ita  as in d ic a to r s  o f  s i z e .  The in te r p r e ta t io n  o f  
h is  r e s u l t s ,  as he s u g g e s ts , i s  th a t  la r g e  c o u n tr ie s  w i l l  have 
r e l a t i v e l y  la r g e  exp orts from in d u s tr ie s  su b je c t  to  econom ies o f  s c a le .
t e s t  i s  in  h is  ne-glect o f  th e  d is t r ib u t io n  o f  output among d i f f e r e n t  
s i z e s  o f  p la n ts  and f ir m s , Katrak s t r e s s e d  th a t  r e la t iv e  in d u stry  s iz e  
and th e  d is t r ib u t io n  o f  ou tput w ith in  d i f f e r e n t  s iz e d  p la n ts  may d i f f e r  
betw een c o u n tr ie s  and th e r e fo r e  should  be taken in to  account in  any 
t e s t  concern ing  s c a le  econom ies (a lon g  w ith  s c a le  e l a s t i c i t i e s ) .  In  
v iew  o f  t h i s ,  he su g g e ste d  an a lte r n a t iv e  procedure fo r  t e s t in g  th e  
s c a le  economy th e o r y . Assuming th a t  each  co u n try ’s ou tp u t o f  an 
in d u s tr y  i s  produced in  a s in g le  p la n t , and th a t  d i f f e r e n t - s iz e d  
p la n t s  may e x i s t  in  d i f f e r e n t  c o u n tr ie s , the U nited S ta te s  ’ c o s t  
advantage and e x p o r ts , r e la t iv e  to  th e  U nited  Kingdom, w i l l  be g r e a te r  
fo r  th e  i t h  in d u s tr y  whenever:
are s c a le  e l a s t i c i t i e s  o f  in d u s tr ie s  i  and j  r e s p e c t iv e ly ,  and o th er  
sym bols have a correspond ing  m eaning. C a llin g  h is  in d ex  th e  s c a le  
e f f e c t s ,  Katrak t e s t e d  th e  above h y p o th es is  and o b ta in ed  a v ery
Where and NT are th e  l e v e l s  o f  employment in  th e  i t h  in d u str y  in
th e  U nited S ta te s  and th e  U n ited  Kingdom r e s p e c t iv e ly ,  OC- and (X.
— J
^H. K atrak, ’Human S k i l l s ,  R and D, and S ca le  Economies in  the ex p o rts  
o f  U.K.  and U. S . A . ' ,  O. E. P. 1973 .
2
R .  E .  B a ld w in  h a s  a l s o  t e s t e d  t h e  e f f e c t  o f  s c a l e  e c o n o m ie s  
i n  e x p l a i n i n g  t h e  s t r u c t u r e  o f  U n i t e d  S t a t e s  t r a d e .  H i s  m e a s u re  w as  
t h e  p e r c e n t a g e  o f  e m p lo y e e s  i n  U n i t e d  S t a t e s  e s t a b l i s h m e n t s  w i t h  2 ^ 0  
o r  m o re  e m p lo y e e s .  T h i s  p r o c e d u r e  t a k e s  a c c o u n t  o f  t h e  r e l a t i v e  
i m p o r t a n c e ' o f  l a r g e - s i z e d  p l a n t s ,  h u t  o n  t h e  o t h e r  h a n d  i g n o r e s  t h e  
e s t i m a t e s  to f  s c a l e  e l a s t i c i t i e s  a n d  t h e  i n d u s t r y  o u t p u t  l e v e l s  i n  t h e  
U n it e d  S t a t e s  r e l a t i v e  t o  t h o s e  i n  o t h e r  c o u n t r i e s . B u t  B a ld w in  w as  
i n  l i n e  w i t h  H u f b a u e r  w h e n  h e  a r g u e d  t h a t  t h e  s i z e  o f  t h e  A m e r ic a n  
m a r k e t  m ay g i v e  t h e  U n i t e d  S t a t e s  a n  e x p o r t  a d v a n t a g e  q u i t e  a s id e  f r o m  
a n y  o t h e r  f a c t o r s .
N i c h o l a s  Owen h a s  a t t r i b u t e d  t h e  d i f f e r e n c e s  i n  t r a d e  p a t t e r n s  
t o  t h e  d i f f e r e n c e s  i n  m a r k e t  s i z e  a n d  p r o d u c t i v i t y .  T h e s e  d i f f e r e n c e s ,  
h e  a r g u e d ,  . w i l l  a s s e s s  t h e  e f f i c i e n c y  o f  t h e  l a r g e s t  f i r m s .  He a l s o  
d e a l t  w i t h  m a n a g e r i a l  e c o n o m ie s  a r i s i n g  p a r t i c u l a r l y  f r o m  e x p e n d i t u r e s  
o n  m a r k e t i n g  a n d  r e s e a r c h  a n d  d e v e lo p m e n t  w h ic h  i n  a  l a r g e  f i r m  c a n  
e i t h e r  b e  d e v e lo p e d  m o re  e f f e c t i v e l y ,  o r  a l t e r n a t i v e l y  c a n  b e  s p r e a d  
o v e r  a  l a r g e  o u t p u t  t o  r e d u c e  u n i t  c o s t s . S o  f o r  t h i s  r e a s o n  r e l a t i v e  
f i r m  s i z e  w a s  a d j u s t e d  i n  som e e q u a t io n s  t o  g i v e  g r e a t e r  p r o m in e n c e  t o  
s i z e  d i f f e r e n c e  i n  i n d u s t r i e s  w i t h  h i g h  m a n a g e r i a l  o v e r h e a d s ,  i . e .  b y  
c a l c u l a t i n g  t h e  p r o p o r t i o n  o f  t h e  l a b o u r  f o r c e  w h ic h  w a s e n g a g e d  i n  
p r o d u c t i o n  i n  e a c h  p a i r  o f  i n d u s t r i e s ,  a n d  u s e d  t h i s  t o  d e f l a t e  r e l a t i v e
1
N , Owen h a s  a l s o  t a k e n  r e l a t i v e  i n d u s t r y  s i z e  i n t o  a c c o u n t  w h en  h e  
c o n s i d e r e d  f i r m  s i z e  o r  e c o n o m ie s  o f  s c a l e  a t  t h e  f i r m  l e v e l  i n ,  
• E c o n o m ie s  o f  S c a l e  i n  t h e  E E C ,  A n  A p p r o a c h  B a s e d  o n  I n t r a - E E C  T r a d e ’ ,  
E u r o p e a n  E c o n o m ic  R e v ie w  7 ,  1 9 7 6 ,  p p . l k 3 ~ l 6 3 ,  N o r t h  H o l l a n d  P u b l i s h i n g  
C o m p a n y .
s i g n i f i c a n t  r e s u l t  f o r  t h e  s c a l e  e c o n o m y  t h e o r y  .
2
R . E .  B a l d w i n ,  ’ T h e  D e t e r m in a n t s  o f  t h e  C o m m o d ity  S t r u c t u r e  o f  U . S .  
T r a d e ’ ,  A . E . R . 1 9 7 0 .
f i r m  s i z e *  I n  t h i s  w a y  f i r m  s i z e  d i f f e r e n c e s  i n  i n d u s t r i e s  
w i t h  a  r e l a t i v e l y  h i g h  p r o p o r t i o n  o f  l a b o u r  f o r c e  e n g a g e d  i n  
f u n c t i o n s  o t h e r  t h a n  p r o d u c t i o n  w e r e  e v a l u a t e d .  O w e n ' s  s t u d y  
c o n c e r n e d  t h e  r e l a t i v e  t r a d e  p e r f o r m a n c e  o f  t h r e e  E E C  c o u n t r i e s  
( F r a n c e ,  G e r m a n y  a n d  I t a l y ) .  H e  u s e d  t w o  i n d i c e s  o f  s c a l e  
e c o n o m i e s .  T h e  f i r s t  av a s  t h e  " T o p  2 0 "  i n d e x  o f  p l a n t s  o r  
f i r m s  ( B a i n ' s  I n d e x ) * ,  w h i l e  t h e  s e c o n d  w a s  t h e  ( " T o p  6 0 $ )  i n d e x  
o f  p l a n t s  d r  f i r m s  ( S c h e r e r ' s  I n d e x ) 2 , H e  r e f e r r e d  t o  t h e  
p o s s i b l e  b i a s  a r i s i n g  f r o m  a  c o m p a r i s o n  b a s e d  o n  t h e  " T o p  2 0 "  
i n d e x  w h e n  t h e  s i z e s  o f  t h e  t w o  i n d u s t r i e s  c o n c e r n e d  a r e  v e r y  
d i f f e r e n t  a n d  n o t e d  t h a t  o n e  s h o u l d  g o  d o w n  t h e  s i z e  
d i s t r i b u t i o n  t o  r e a c h  t h e  s m a l l  t a i l  o f  p l a n t s  o r  f i r m s .
O u r  t e s t  f o r  t h e  s c a l e  e c o n o m y  t h e o r y  i s  r a t h e r  d i f f e r e n t  
f r o m  a l l  t h e  a b o v e .  We p r o p o s e  t o  u s e  s c a l e  e l a s t i c i t i e s
f o r  a n  i n d u s t r y  a t  t w o  d i f f e r e n t  l e v e l s ,  n a m e l y  t h e  f i r m  a n d  t h e
g
p l a n t .  I t  h a s  b e e n  w i d e l y  a r g u e d  t h a t  f i r m  o r  p l a n t  s i z e  i s  
g e n e r a l l y  s m a l l  i n  e u r o p e  r e l a t i v e  t o  i t s  c o u n t e r p a r t s  i n  t h e  
U n i t e d  S t a t e s .  O n e  w o u l d  e x p e c t ,  t h e r e f o r e ,  t h a t  t h e  
d i f f e r e n c e  i n  s i z e  o f  f i r m s ,  o r  p l a n t s  w o u l d  b e  r e f l e c t e d  
i n  t h e  t r a d e  p a t t e r n  o f  t h e  c o u n t i r e s  c o n c e r n e d .  S o m e
4
e m p i r i c a l  s t u d i e s  h a v e  s u g g e s t e d  t h a t  l a r g e  s i z e  p r o v i d e s  ■ 
a  s t r o n g  b a s i s  f o r  s u c c e s s f u l  o p e r a t i o n s  f r o m  w h i c h  t o  r e s i s t  t h e
J o e  S .  B a i n ,  I n t e r n a t i o n a l  D i f f e r e n c e s  i n  I n d u s t r i a l  S t r u c t u r e ,  
Y a l e  U n i v e r s i t y  P r e s s ,  N e w  H a v e n  1 9 6 6 .
2
F . M .  S c h e r e r ,  I n d u s t r i a l  M a r k e t  S t r u c t u r e  a n d  E c o n o m i c  
P e r f o r m a n c e ,  R a n k  M c N a l l y ,  C h i c a g o ,  1 9 7 0 .
g
F . M .  S c h e r e r ,  T h e  E c o n o m i c s  o f  M u l t i - P l a n t s  O p e r a t i o n ,  A n  
I n t e r - C o m p a r i s o n s  S t u d y ,  H a r v a r d  U n i v e r s i t y  P r e s s ,  C a m b r i d g e ,  
M a s s a c h u s e t t s ,  a n d  L o n d o n ,  E n g l a n d ,  1 9 7 5 ;  a n d  J . S .  B a i n ,  
I n t e r n a t i o n a l  D i f f e r e n c e s  i n  I n d u s t r i a l  S t r u c t u r e  ( N e w  H a v e n ,  
Y a l e  U n i v e r s i t y  P r e s s ,  1 9 6 6 ) ,
F . M .  S c h e r e r ;  J . S .  B a i n ,  I b i d ;  N .  O w e n ,  o p . c i t .4
i n t e n s i f i e d  c o m p e t i t i o n  f r o m  f o r e i g n  c o m p e t i t o r s .  T h e r e f o r e ,  
t h e  p r o p o s i t i o n  t h a t  f i r m  s i z e  i s  i m p o r t a n t  i n  t h e  U . S . / U . K .  
c o n t e x t  w i l l  b e  t e s t e d  b y  e x a m i n i n g  w h e t h e r  t h e r e  i s  a n y  
r e l a t i o n s h i p  b e t w e e n  t h e  t r a d e  a d v a n t a g e  a n d  r e l a t i v e  s i z e  
o f  f i r m / p l a n t ,  i . e .  w h e t h e r  t h e  U . S .  h a s  a  s i z e  a d v a n t a g e  
w h i c h  l e a d s  t o  a  t r a d e  a d v a n t a g e .  T h e  a n a l y s i s  w h i c h  f o l l o w s  
d i s t i n g u i s h e s  b e t w e e n  t r a d e  a d v a n t a g e  i n  d i f f e r e n t  m a r k e t s .  
M o r e o v e r ,  d i s t i n c t i o n s  a r e  m a d e  b e t w e e n  e x p o r t i n g  i n d u s t r i e s  
w h e r e  s c a l e  e c o n o m i e s  a r e  e x p e c t e d  t o  b e  i m p o r t a n t  a n d  t h o s e  
w h e r e  t h e y  a r e  n o t ;  o n l y  t h e  f o r m e r  w i l l  b e  i n c l u d e d  i n  t h e  
t e s t s .  F u r t h e r m o r e ,  i f  t h e r e  i s  a n  a s s o c i a t i o n  b e t w e e n  
e c o n o m i e s  o f  s c a l e  a n d  e x p o r t s ,  t h e n  p r e s u m a b l y  t h e  f o r m e r  
m a y  a l s o  h a v e  a n  i m p a c t  o n  i n d u s t r i a l  s t r u c t u r e * ' .  L a t e r  o n
a n  a t t e m p t  w i l l  b e  m a d e  t o  m e a s u r e  t h i s  i m p a c t .
We p r o p o s e ,  t h e r e f o r e ,  t o  b u i l d  u p o n  p r e v i o u s  t e s t s  
w i t h  s p e c i a l  r e f e r e n c e  t o  t h a t  o f  H .  K a t r a k ,  H o w e v e r ,  
w h e r e a s  h e  u s e d  o n l y  t h e  s c a l e  e l a s t i c i t i e s  a t  t h e  p l a n t  l e v e l  
w e  w i l l  u s e  t w o  d i f f e r e n t  e s t i m a t e s ,  n a m e l y  s c a l e  e l a s t i c i t i e s  
a t  t h e  f i r m  a n d  p l a n t  l e v e l s  r e s p e c t i v e l y .
A s s u m i n g  t h a t  e a c h  c o u n t r y ’ s  o u t p u t  o f  a n  i n d u s t r y  i s  
p r o d u c e d  i n  a  s i n g l e  f i r m  o r  p l a n t  ( a l t h o u g h  f i r m  o r  
p l a n t  s i z e  m a y  d i f f e r  b e t w e e n  c o u n t r i e s  a n d  i n d u s t r i e s ) ,  
t h e n  f o r  t h e  U . S . / U . K .  c a s e  we  e x p e c t  t h a t  t h e  U . S .  c o s t  
a d v a n t a g e  a n d  e x p o r t s  w i l l  b e  r e l a t i v e l y  g r e a t e r  f o r  t h e
*"A r e v e r s e  a r g u m e n t  h a s  b e e n  d e v e l o p e d  b y  M a x  C o r d o n  i n  h i s  
c o m m e n t s  o n  t h e  B a s e v i  a r t i c l e ,  ’ D o m e s t i c  d e m a n d  a n d  a b i l i t y  
t o  e x p o r t ’ , J o u r n a l  o f  P o l i t i c a l  E c o n o m y , 7 8 ,  p p . 3 3 0 - 3 3 7 ,
O n  t h e  o t h e r  h a n d  N .  O w e n  a r g u e d  t h a t  a s  f a r  a s  t h e  m u l t i  
p l a n t s  o p e r a t i o n  o f  f i r m s  i s  c o n c e r n e d ,  t h e  m a r k e t  i n  g e n e r a l  
w i l l  n o t  c o n s t r a i n  p l a n t  s i z e .  P e r h a p s  t h e  s c a l e  o f  m u l t i  
p l a n t s  -  f i r m  m a k e s  i t  i m p e r a t i v e  t o  l i m i t  p l a n t  s i z e  d u e  t o  
t h e  l i m i t a t i o n  o f  m a r k e t  s i z e  g e n e r a t e d  b y  p e c u n i a r y  o r  
n o n - t e c h n i c a l  c o s t s  ( t r a n s p o r a t i o n s , t a r i f f s ,  e t c . ) .  I n s t e a d  
o f  b u i l d i n g  b i g  f i r m s  o r  p l a n t s  o n  o n e  s i t e ,  t h e  i n d u s t r y  w i l l  
t r y  t o  d i s p e r s e  p l a n t s  i n  rnarty l o c a t i o n s  t o  a v o i d  e x t r a  c o s t s .
i t h  i n d u s t r y  w h e n e v e r :
n U t
W h e re  N . a n d  N • a r e  t h e  l e v e l s  o f  e m p lo y m e n t i n  t h e  i t h  i n d u s t r y  l
i n  t h e  U n i t e d  S t a t e s  a n d  t h e  U n i t e d  K in g d o m  r e s p e c t i v e l y ,  a n d
s i m i l a r l y  I'Ia . a n d  N*5 . ,  (X ♦ a n d  #1 • a r e  s c a l e  e l a s t i c i t i e s  o f  J 0
i n d u s t r i e s  i  a n d  j  a n d  e =  F ,  a n d  P ,  w h ic h  m e a n s s c a l e  e l a s t i c i t i e s  
a t  t h e  f i m  ( F ) ,  p l a n t  ( P ) ,  1 e v e l s  r e s p e c t i v e l y .
T he  t e s t s  w i l l  a l s o  i n c l u d e  tw o  o t h e r  e x p l a n a t o r y  v a r i a b l e s ,  
n a m e ly  s k i l l  i n t e n s i t i e s  a n d  t a r i f f s . T h e  r e a s o n  i s  t o  s e e  t h e  
e f f e c t  o f  t h e s e  o t h e r  f a c t o r s  o n  e x p o r t s  a n d  im p o r t s  a n d  t o  c o m p a re  
th e m  w i t h  s c a l e  e f f e c t s ,  a n d  t o  i n c r e a s e  t h e  d e g r e e  o f  f i t n e s s  o f  t h e  
r e g r e s s i o n s . (M o r e o v e r ,  s e p a r a t e  r e g r e s s i o n  t e s t s  f o r  t h e  a s s o c i a t i o n  
b e tw e e n  a v e r a g e  s i z e  o f  d i f f e r e n t  s t r u c t u r a l  fo r m s , p r o  d u e  t i  v i t y  
a n d  c a p i t a l  i n t e n s i t y  w i l l  b e  c a r r i e d  o n  i n  t h e  n e x t  C h a p t e r )
We h a v e  c h o s e n  a s  a  m e a s u r e  o f  t h e  s k i l l  i n t e n s i t y  i n  B r i t i s h  
i n d u s t r i e s ,  t h e  n u m b e r o f  p r o f e s s i o n a l  a n d  t e c h n i c a l  w o r k e r s  i n  t o t a l  
e m p lo y m e n t i n  1 9 6 3  (H b ^ )  a n d  i n  1 9 6 6  (H b ^ )* ". I n  a d d i t i o n  we w i l l  u s e  
H u f b a u e r ’ s  s k i l l  i n t e n s i t y  i n d e x  f o r  t h e  U . S .  i n  19 6 3  ( H a ^ )  . Th e  t e s t
**The G e n e r a l  R e g i s t e r  O f f i c e ,  ( 1 9 6 6 ) ,  C e n s u s  1 9 6 1  E n g l a n d  a n d  W a le s ,
HMSO, L o n d o n ,  a n d  T h e  G e n e r a l  R e g i s t e r  O f f i c e  ( 1 9 6 5 ) ,  S a m p le  C e n s u s  
1 9 6 6  G r e a t  B r i t a i n .  HMSO, L o n d o n .  H o w e v e r , a s  H . K a t r a k  h a s  s u g g e s t e d  
t h e r e  i s  a  p r a c t i c a l  p r o b le m  h e r e  i n  t h a t  t h e  d i v i d i n g  l i n e  b e t w e e n  t h e  
s k i l l e d  a n d  u n s k i l l e d  l a b o u r  i s  l i k e l y  t o  b e  a r b i t r a r y .
2
G . C .  H u g b a u e r ,  ‘ T h e  h n p a c t  o f  N a t i o n a l  C h a r a c t e r i s t i c s  a n d  T e c h n o lo g y  
o n  t h e  Com m od in g C o m p o s i t io n  o f  T r a d e  i n  M a n u f a c t u r e d  G o o d s ’ ,  i n  
R .  V e r n o n ,  Th e  T e c h n o lo g y  F a c t o r  i n  I n t e r n a t i o n a l  T r a d e ,  U n i v .  N a t .
Comm. E c o n .  R e s . ,  New Y o r k  1 9 7 0 ,  T a b le  A 2 .
f o r  t h e  h u m an  s k i l l s  t h e o r y  w a s i n i t i a l l y  d e v e lo p e d  b y  D . B .  K e e s in g '  ,  
w ho a r g u e d  t h a t  t r a d e  p a t t e r n s  c a n  b e  e x p l a i n e d  i n  t e r m s  o f  t h e  
l a b o u r  -  s k i l l  a v a i l a b i l i t i e s  a n d  i n d u s t r i e s  r e q u i r e m e n t  o f  t h e s e  
f a c t o r s  i n  v a r i o u s  c o u n t r i e s . T h e  u n d e r l y i n g  a s s u m p t io n  i s  t h a t  
t h e s e  r e q u i r e m e n t s  a r e  a  r e l i a b l e  p r o x y  f o r  t h e  i n d u s t r y ’ s  u s e  o f  
hum an a n d  p h y s i c a l  c a p i t a l  p e r  u n i t  o f  u n s k i l l e d  l a b o u r .  Now 
a s s u m in g  t h a t  t h e  U n i t e d  S t a t e s  i s  r e l a t i v e l y  w e l l  e n d o w e d  w i t h  
c a p i t a l  ( i n  b o t h  f o r m s ,  i . e .  hum an a n d  p h y s i c a l ) ,  o u r  h y p o t h e s i s  f o r  
t h e  hum an s k i l l s  t h e o r y  w i l l  b e  t h a t  t h e  r e l a t i v e  U . S . / U . K .  e x p o r t s  
o f  i n d i v i d u a l  i n d u s t r i e s  a r e  g r e a t e r  t h e  g r e a t e r  i s  t h e  s k i l l  
i n t e n s i t y  e m b o d ie d  i n  U . S .  i n d u s t r i a l  e x p o r t s .
T h e  t h i r d  e x p l a n a t o r y  v a r i a b l e  i n  o u r  t e s t s  i s  t h e  U . S .  a n d  
U . K .  n o m in a l  r a t e s  r a t i o  o f  t a r i f f . A l t e r n a t i v e  s p e c i f i c a t i o n s  w i l l  b e  
t r i e d ,  e . g .  T q  =  T a  a n d  T 2 =  T a  -  T b ,  w h e r e  T a  a n d  1% a r e  t h e
Tb
n o m in a l  r a t e s  o f  A m e r ic a  a n d  B r i t a i n  r e s p e c t i v e l y .  N o m in a l  r a t e  o f  
t a r i f f  w as c h o s e n  i n  p r e f e r e n c e  t o  t h e  e f f e c t i v e  r a t e  b e c a u s e  t h e  
f o r m e r  i s  e a s y  t o  a p p l y  a n d  t o  c o l l e c t  d a t a  o n , a n d  m o r e o v e r  i t  i s  
l e s s  a g g r e g a t iv e  a n d  l e s s  s e n s i t i v e  t o  t h e  p r o c e d u r e s  u s e d  i n  i t s  
m e a s u r e m e n t .
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D . B .  K e e s i n g ,  ’L a b o u r  S k i l l s  a n d  I n t e r n a t i o n a l  T r a d e :  E v a l u a t i n g  
m an y T r a d e  F lo w s  w i t h  a  S i n g l e  M e a s u r in g  D e v i c e ’ ,  R e v ie w  o f  E c o n o m ic s  
a n d  S t a t i s t i c s ,  1 9 6 5 *  K e e s i n g ’ s  e a r l i e r  e x e r c i s e  r e l i e d  on  a  w e ig h t e d
i n d e x  s h o w in g  t h e  e m p lo y m e n t o f  s c i e n t i s t s ,  e n g i n e e r s ,  e t c .............
r e l a t i v e  t o  t h a t  o f  s e m i - s k i l l e d  a n d  u n s k i l l e d  e m p lo y e e s ;  a n d  a l s o
H . K a t r a k ,  ’ Hum an S k i l l s ,  R  a n d  D a n d  S c a l e  E c o n o m ie s  i n  t h e  E x p o r t s  
o f  t h e  U n i t e d  K in g d o m  a n d  t h e  U n i t e d  S t a t e s ’ , O . E . P . ,  1 9 7 3 .
k.l THE HYPOTHESIS AND THE VARIABLES
The hypothesis will be tested by multiple regression analysis 
for the years 1963 and 1972. The regression equation is of the 
general form:
X = f(H, S, I)  1
and M = f (H, S,T)   2
X and M are relative exports and imports. X takes the form X^ =
Xaij and M is defined as Ml = M3!.] . An alternative specification
Xbij
for X and M will also be tried: X2 = Xaij/Qaij and M2 =
Xb ij/Qb ij
Maij/Gaij . Xaij and Xbij are respectively the exports of the 
M*3 i j/Cb i j
United States and the United Kingdom of commodity i to region j, for
1 “ 1 ...... M, and j = OECD1, NON-OECD, or the World market; Maij
and are import symbols which have the corresponding meaning;
Hr • bQ i and Q i are output levels of the ith industry in the United States
♦ h band the United Kingdom respectively; C i and C i are the consumption
levels of the ith industry product in the United States and the United
2Kingdom respectively . H denotes human skill intensity. It is 
measured by either Hb^ or Hb^ or Ha^ which denote respectively the 
human skills of Britain in 1963 and 1966 and the skills of America in 
1 9 6 3. S denotes the scale economy measure. It takes the form S]_ =
1The OECD is the Organisation of Economic Co-Operation and 
Development.
2Consumption is considered as Output minus Export plus Import of the 
ith commodity.
K \
N3^ and N*"\ are the levels of employment in the ith industry in the
United States and the United Kingdom respectively, and oCp
denote scale elasticity at firm and plant levels
respectively. T denotes the tariff differential. It is measured by
either T-. = f Tai\ or T2 = [Tai - Tbi] inhere Tai and Tbi are the 
\Tbi)  V  J
tariff rates for the ith commodity for America and Britain respectively.
One other point may be mentioned. Variations in the incomes 
of the importing regions may affect the exports of the U.S. and the 
U.K. However, it is unlikely that the ’income effect' will favour 
products from U.S. relative to those from U.K. or vice-versa. The 
reason is that the manufacturing products of the two countries are 
quite similar and so the possibility of substitution between them as 
incomes in the importing regions rise are normally slight.
Accordingly, the effects of variation in incomes in the importing 
regions on imports from both U.S. and U.K. will be assumed to be 
constant.
> o r  ^2 /  i  \  9 w h e r e
ti.2 THE DATA
The tests are to be undertaken for the years 1963 and 1972. 
These years were chosen because, as mentioned in Chapter 3, the period 
1963-72 covered years of relatively stable economic activity.
The scale elasticities for the U.K. for 1963 and 1972 and those 
for the U.S. in 1972 were estimated and reported above (Chapter 3 -
Appendices B-E). The 1963 elasticities for the U.S. were taken from
Hufbauer's study*-. The exports and imports data were taken from
2O.E.C.D., series B, 1963 and 1973 • Output and employment figures were 
taken from the United States Census of Manufactures and the United 
Kingdom Census of Production for 1963 and 1972* Data on skilled 
labour requirements in the U.S. was taken from HufbauerTs study (table 
A2); the data refers to i9 6 0. The U.K. skill intensity data for 1963 
and 1966 was taken from the Report of the General Register Office . 
Tariff rates for 1963, for both the U.S. and the U.K., were taken from
) RB. Balassa , while the 1972 data was taken from R.E. Baldwin . All 
data are converted to the United Nations Standard International Trade 
Classifications (S.I.T.C.) at the three-digit level.
A preliminary problem was to decide on the number of 
observations to be included in the tests. The problem arises because 
the procedure for estimating scale elasticities did not give
1
G.C. Hufbauer, 'The Impact of National Characteristics and Technology 
on the Commodity Composition of Trade in Manufactured Goods', in R, 
Vernon, The Technology Factor in International Trade, New York, 1970, 
Table A2.
2O.E.C.D. is the Organisation of Economic Co-Operation and Development. 
1973 exports and Imports data were used as data for 1972 was not 
available to me.
General Register Office (1 9 6 6 ), Census 1961 England and Wales, HMSO, 
London, this is for 1963 data, and General Register (1968), Sample 
Census 1 9 6 6 Great Britain, HMSO, London.
^B. Balassa, 'Tariff Protection in Industrialised Counties', an 
• Evaluation, in R.E. Caves and H.G. Johnson, eds, London, George Allen 
and Unwin Ltd., 1968.
^R.E. Baldwin, Non Tariff Distortion of International Trade, Table 6, 
p.167, The Bookings Institution, Washington, D.C.,London, George 
Allen and Unwin Ltd., 1971.
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statistically significant results for all United Kingdom industries. 
Besides that, only some of those industries were exporting commodities 
produced under Increasing returns to scale. The number of industries 
with significant estimates of scale elasticities were twenty-four and 
fifteen in 19&3 and 1972 respectively. Our tests will be limited to 
those industries only. The data for all the other variables were 
telescoped to fit the twenty-four and fifteen observations of scale 
elasticities.
k-3 SOME PRELIMINARY QUESTIONS
Before undertaking the regression analysis, we should check 
• some of the econometric problems that may confront our tests.
1. Multicollinearity. This problem may arise if there is some
interrelationship between the independent variables. In order to
detect the presence and severity of multicollinearity in our three
explanatory variables, namely Human Skills, the Scale Economy, and
2Tariffs, a Chi-Square (X ) test was performed.
First, we ran a partial correlation between each of Ha and S^,
Ha and T£, and S^ and T£; the results are «01^ -0.11, and 0.0.02
respectively. Now in the case of perfect multicollinearity the partial
correlation coefficients S' |L T „ , . . . ,HaSq, HaTl and SiTq would be equal to
unity and hence the value of the standardised (correlation) 
determinant would equal zero. In other words, with perfect multi­
collinearity we would have:
1 r u 1 1
r 1 1 1
In the case o f orthogonality of the X ’s, the partial 
correlation coefficients of the X Ts would be equal to zero, and hence 
the value of the standardised determinant would equal unity. That is, 
for orthogonality (non-collinearity) we would have:
1 r
I0 H
1
ii—iG)
— "“
1HOI
= 1
It follows, therefore, according to Glauber and Farrar , that 
if the value of the standardised determinant lies between zero and 
unity, there is some degree of multicollinearity in the function.
In other words, multicollinearity may be considered as a departure 
from orthogonality, the closer the value of the determinant to zero, 
the stronger the degree of multicollinearity, and vice versa.
For the above correlations, the standardised determinants are:
~1 .01" 1 -0 .1 1
= .9 9 9 9 =0.9879
_ .0 1  1 _-0.11 1
9999
1  0 , 0 0 2  
0 , 0 0 2  q
which are very close to the orthogonal values, i.e. close to unity.
This test is explained clearly in A. Koutsoyiannis, Theory of 
Econometrics, Second Edition, MacMillan Press Ltd., London, 1977, 
Chapter 11.
Glauber and Farrar suggested vthe following X test for 
detecting the strength of multicoilinearity over the whole set of 
explanatory variables. The basic hypothesis is:
tHo : the X s are orthogonal 
and Ho tested against the alternative hypothesis:
tHq : the X s are not orthogonal.
They found the quantity:
X2 = - <n~l-l (2k+5)> .Log |value of the standardised 
' 6 ’ j determinant
This whole formula has an X distribution with V = \  k(k-l) degrees "
of freedom | where X2 = observed (computed from the sample) value of
2 IX , n = size of the sample, and k = number of explanatory variables)-.
From the sample data we obtain the empirical valuepx2) which
2we compare with the theoretical value of X at the chosen level of
2significance (which may be obtained from the X table).
2 1 -tt 2Therefore, applying X to our model we will have : XT =
fifr-l-l(2x3+5)} .Log 0*9999
*X2 = -  {1*3-1 .833} .0 0 0 0 4 3  = *0017
But V = Jk(k-l) degrees of freedom is equal to V = | 3(2) = 3,
and X2 = .216 from X2 table at 2 .%% probability level, and so we can 
see that the observed value of 7'X2(. 0017) is smaller than the
2
*"The first value was chosen among the three values of the standardised 
determinant, because they are very close to each other, namely 0.99,
0.98, and 0.99.
theoretical value of I2 (.216) whiclq suggests surely the rejection of 
the assumption of multicollinearity.
2. Heteroscedasticity. The pattern of our regressions, as plotted 
in actual and fitted values is a heteroscedastic one, and this has 
distorted some of the expected signs of the results. This problem is 
dealt with by the procedure suggested by A. Koutsoyiannis3', i.e. 
using deflationary variables, namely exports/output and imports/ 
consumption ratios on the dependent side, and scale effects
o \ on the explanatory side (instead of exports
1  I
or imports, and scale elasticities on their own). Of course, as 
mentioned earlier, the prime intention of deflating by these 
variables was to take into account the size of the country, the size 
of the home market, and the size of the industry in terms of 
employment.
3. Identification of the Models. It was felt necessary to 
identify the models before doing the tests, in order to know whether 
the equations were exactly, over, or under, identified.
Having examined the identification problem, the appropriate 
method for every single equation in the models could then be 
decided.
First, the models were presented:
A. Koutsoyiannis, Chapter 9.1
„a
I ,
X  °  i  = f  (H a ,  S 1 ,  T p
y£.
M1 = i = f(Ha, S1 Tx)
1
^  = xa±/Qa = | (Ha  ^ } 
x \/Q b
\  -  ^ V 0*  “ fdfe, Sx, T1)
M ^ /C 1
Where X^, X^, M^, are as defined in section k»l; Ha is equal to
skill intensity of the United States; S., equals scale effects at the 
firm level in the United Kingdom (i.e. / N3 . \ )> T^ equals
A
Ta where Ta and lb are the U.S. and the U.K. nominal rates of tariff; 
Tb
Q and C are output and consumption respectively.
Secondly, the models were re-arranged in the following form1 : 
i r  + X B  - e
1st equation: X^-C-hH-sS-tT = e£
2nd equation: M^-C-^-h^H-s^S-t-^T = e2
3rd equation: X^Cg-h^E-s^-^T = e^
kth equation: Mg-C^-h^H-SgS-t^T = e^
Where C ±  C^=t C2 ^  ^3 * S =h S^=t S2=h S^, and t =f= t-^ =t ±2 ^  ^3 
= e£, e^, e^, e^ = the error terms.
This technique is mainly that of R.J. Wonnacott and T.H. Wonnacott, 
Econometrics, Willey 1970, Chapter 18. .
1
T h e r e  a r e  Tiro c o n d i t i o n s  f o r  i d e n t i f y i n g  a n y  e q u a t i o n :
The Rank Condition
The endogenous variables are:
M l, s ,
The exogenous variables are:
X ^  Ha, X2, T 
and the Rank condition can be written as follows
Y T + X B = e Or,
-C -C.. - c0 - c„r* “1 1 2  3
0 1 0  0 1 0  0  0
- S - W S3
+ ( 1  X1  Ha X2 T) -h -h^ -h2 -h^
1 O o 0
 H  1
_
• 0 0 1  0
- t  - q  - t 2 - t 3
| e 1  e 2 e 3  e ^ j
The test for the identification condition of the first model can be 
shown as follows:
F , B are coefficients of the variables omitted from the first o o
model but included in some or all of the other models.
qQ = Number of endogenous variables excluded from the first model 
q = Number of endogenous variables included in the first model 
Q = H0 + Iq = Total number of endogenous variables. 
mQ = Number of exogenous variables excluded from the first model
m = Number of exogenous variables included in the first model
M = mQ +  m = T o t a l  n u m b e r  o f  e x o g e n o u s  v a r i a b l e s
1 0  0
Rank = Rank 0 0 1 
. 0  1 0 .
2
So Rank 2 >  Q-l = 2  = 2
Thus the first model is exactly identified, and the Rank condition 
is satisfied.
and the Order condition is satisfied as well.
This is for the first model. Identification for the rest of 
the models can be performed by following the same procedure. 
Accordingly the expectation is that the results will not differ 
whether the Ordinary Least Squares method or the Two-Stage 
Simultaneous equation methods of regressions are used.
L.U THE RESULTS
As indicated in Section Ij..l, our tests for the scale economy 
theory may be undertaken with two different measures of the scale 
effect; moreover we have three measures of the human skills and two 
alternative measures of the tariff variable. These alternative
ii. The Order condition can be stated as follows
1 - 1 <  1
0
61 .
measures enable us to obtain several^ permutations and combinations
of the independent variables and so to generate a very large number
of regression results. For convenience of presentation, however,
we decided to report those measures that gave the most satisfactory
results overall. • Accordingly we report the regression results where
/  a  \ * fthe independent variables are = / NL \ , namely the scale
effects at the firm level, Ha, namely the skill intensity in the U.S. 
in 1963 and, = (Ta/Tb), namely the tariff ratio.
The performance of the human skills, the scale economy, and
tariff were tested by using linear and log-multiple regressions, but
only the log-regression results are reported as it gave us again the
most significant results. Consider first the results for the twenty-
four observation sample for 1963* The results for exports are shown
in Table 1 while those for imports are shown in Table 2. Considered
otogether the independent variables perform rather well. The R s
range between 0.70 and 0.92 for exports, and 0.11 and 0.44 for imports, 
The F - statistic in most cases is significant at the 1 per cent or 
5 per cent probability level. The overall results differ little 
between exports and imports. Moreover, the performance of equations 
for the World and OECD are somewhat better than for the non-OECD.
Turning to the results for each of the explanatory variables we 
see that the human skills variable has the expected signs. The 
variable gives significant results for imports whereas for exports 
it is significant only in the regression for non-OECD markets. The 
results for both Imports and exports are consistent with the view that 
the U.S.A. has a relatively higher endowment of skilled labour than 
the U.K.
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The scale economy variable performs satisfactorily overall, 
though the results are relatively more satisfactory for exports. In 
the import equations the variable shows more significant results 
when imports are adjusted for the relative levels of income in the 
two countries.
Tariffs performed very well in explaining imports from the 
world as well as from the OECD and non-OECD countries. Rather 
surprisingly, though, the tariff seems to do better when the imports 
are not adjusted for relative incomes.
We turn now to the results for the fifteen observation sample 
for 1972. Table 3 shows the results for exports and Table I* for 
imports. The overall pattern of results differs somewhat from that 
for 1963. The import results are now more significant than those 
for exports. The scale economy variable continues to perform well 
though the significance levels seem higher in the regressions for 
imports than for exports. The human skills variable also performs 
better for imports. The tariffs show only a weak influence in both 
export and import regressions. A possible explanation of this is 
that following the tariff reductions negotiated under the Kennedy 
Round the restrictive effects of tariffs become less important.
I|.3 SOME FURTHER TESTS
A number of questions arise from the preceding tests. The 
first questions is whether the level of employment may be influenced 
by the skill intensities and the tariffs. The former question arises 
because U.S./U.K. comparative advantage may depend on industries 
skill requirements -while the latter.possibility arises because the
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rate of tariff may be set to prevent a loss of employment from 
import competition. In order to examine for these influences we tried 
regressions with the U.S./U.K. employment as the dependent variable 
and with skill intensities and relative tariff as explanatory 
variables. Examination of this question is important in order to 
check that the influence of the scale effects on exports is not 
indirectly due to the other two variables. We conducted separate 
regressions for the 1963 and 1972 samples. The results are shown in 
Table 5* The poor results for both the skill intensities and the 
tariff give us further reason to believe that the influence of the 
scale effect is independent of the other variables.
TABLE 5 LOG-LINEAR REGRESSIONS EXPLAINING RELATIVE U.S./U.K. 
EMPLOYMENT, 1963 AND 1972
Equation Year DependentVariable
Constant
(C)
Human
Skills
(Ha)
Tariff
(Tx) R2
a ) 1963 E -6.896
(26.3)
-4 ® 9 05 
(8,6)
-3.967
(8.8)
.02
(ii) 1972 E 1.337
(.5)
.225
(.1)
-.27k
(.1)
.28
Notes: The number of observations = 2 k in equation (i) and = 1 5  i n  
equation (ii), E = U.S./U.K. employment ratio, Ha = Skill 
intensity of the U.S. for 1963, Ty = ^k® nominal
rates of tariff for 1963 and 1972 respectively.
* and indicate t-value significant at 5 and 1 per cent levels 
respectively
The second question is whether the influence of skills, scale 
effects and tariffs on relative exports had changed between 1963 and 
1972. We conducted the covariance test to examine this question.
But before doing the test we would like to see whether the sample 
observations for 1963 and for 1972 can be considered to come from 
the same population. The appropriate test for this is that of G.C.
Chow and alternatively of F.M. Fisher.
F i r s t  we took the  tw enty-four observation  sample fo r  1963 and 
ran  le a s t-s q u a re s  re g re ss io n  fo r  U.S./U.K. r e la t iv e  im ports from non- 
OECD c o u n tr ie s . The sum of squared re s id u a ls  (e/ -L e^) was 7 6, 58 6.429,
Next we pooled the 1963 observations and the fifteen 
observations for 1972 and reran the least-squares regression. The 
sum of squared residuals (e/e) was 125,9 68479. Now the test of the 
null hypothesis is that the m additional observations for 1972 obey 
the same relation as the first n observations for 1963* The test is 
given by:
F = (e/ e -  eqe^ ) /m 
e / 1 e-L/ ( n - k )
where e e^-^  is the sum of squared residuals for 1963 sample and e ' e 
is the sum of squared residuals for 1963 + 1972 observation sample, 
m is 1972 observation sample, n is 1963 observation sample, and k is the 
number of variables in the regression.
Applying the Chow test to our regression coefficients we get: 
i  2 5 .9  6847 9- 7 6 # 58 64 29
1 5F = __________________________   = 0 ,8 5 9 7 1
7 6 .5 8 6 4 2 9 
( .2 4 ,4 )
The corresponding value o f F.001 w ith  (15, 24) degrees o f freedom is  
2,66* Therefore we do not r e j e c t  the hypothesis o f a common
o b s e r v a t i o n  s a m p le  p o p u l a t i o n .
Now we turn to the application o f the covariance technique for
exports to and imports from three markets (World, OECD, and Non-OECD)•
We choose to report those related to imports from the non-OECD
countries between 1963-1972, for each of the United Kingdom and the
United States, because imports from non-OECD markets are different
from the other two markets; it consists mainly of raw materials for
industries in the U.K. and the U.S., which increase or decline
according to the rise or decline activities of industries in both
countries. The procedure of the covariance technique is the same as
that in section 3 ,6  (Chapter 3) and is not repeated here1 . It seems
sufficient to report only the regression equations and the F-tests
for each of the two countries. For each country we choose some
dummy variables to stand for the number of export years in our test
(i.e. 1963 and 1972), and for each explanatory variable (less one).
The first dummy variable allows the intercept to vary from 1963 to 1972,
but would leave the elasticity unchanged, and from commodity class to 
2commodity class . The last modification was considered extremely 
important in that it made the two years cross section data more 
palatable, particularly the estimated intercept, which represents the' 
equal-price relative share of any of the two years exports, was not 
assumed to be stable across years, regions, or commodities. Allowances 
have been made for different factors which may have a role in changing
brief summary on the Covariance analysis is provided in Appendix F.
In this test we included all industries of the corresponding export 
in the two countries; i.e. whether they are producing under 
increasing returns to scale or not.
2
the value of the intercept, such as the technological changes, 
innovations ... etc.*" The second sort of dummy variables would 
allow the slopes to vary from year to hear, from commodity to 
commodity, or from class to class. Since our regressions are in 
log-linear form, the change in the slopes will Imply changes in the 
elasticity.
Other empirical studies have based their estimations on the 
relationship between exports and price. Our procedure is rather a 
different from this conventional one, for we concentrate on factors 
such as the skill intensity, the scale economy, and tariff. Among 
the conventional approach is that of A.L. Ginsburg in, American and 
British Regional Export Determinants, North-Holland, Amsterdam 1969 
that of E.E. Learner and R.M. Stern, Quantitative International 
Economics, Allyn and Bakon, Boston 1970, Chapter 3> and that of 
J. David Richardson, 'Beyond (But Back to?) the Elasticity of 
Substitution in International Trade', European Economic Review, 1*, 
1913s pp. 381-392, North-Holland Publishing Company.
TABLE 6 LOG-LIN EAR  REGRESSIONS EXPLAINING THE UNITED 
KINGDOM STRUCTURAL CHANGES IN IMPORTS, 1963 
AND 1972
Fifty observations 1963
- . 1 8 0 - . 8 2 1 H b g - . 0 4 1 S ,
( 2 . 2 )  ( . 4 )  ( . 2 )  ( . 6 )
M 63 = . 18 0-,821 Hb„ 041S „-.545Tb„  R 2o o o
SSR = 215.412248
Forty-two observations 1972
M ?2 « - . 0 6 6 - . 4 5 9 H b 3-. 2 9 2 S ^ - . 0 0 8 T b 7 R 2 =
(1) (.3) (.1) (.1)
SSR = 135.502027
Ninety-two observations (1963 + 1972)
847-,059 H - «120S-.246T*
(.9) (.2) (.1) (.07)
M = 1 . . 59 . * R2 =
SSR = 418.512841
M = 5 1 2+ 7. 4 2 7 D 1-.1 49H-.135S*+.539T* R 2 =
(1.2) (2.5) (.28) (.1) (.2)
SSR = 411.430103
M = .937 + 4 . 7 9 6 D 1+.036 H - . 1 2 5 D 1H-.634S*+
(1.) (3.5) (.9) (.5) (.3)
301 D1S*-,082T+.322D 
( . 2 ) ( 1 . 1 ) ( . 6 )
Twenty-four observations 19 63
83 9-.91 7 H L - •26 8 S g - .18 
( 2 . )  ( . 5 ) 3 ( . 1 ) ( . 6 )
. ,  322D][T R 2 =
SSR = 372.455414
eo « -1 . b . *-. 2T R 2 =63 3 3 3
SSR = 76.586429
F i f te en  obseraations 1972
* ** p•M _ n =~4.738 -.7 23Hb-.000 6S-1.193T  R =7 2 3 -q. rL
(2 . 2 ) (.5 ) (.2 ) (.4 )
SSR = 30.611932
.16
, 1 0
.13
. 2 1
. 2 3
.34
. 4 7
Thirty-nine observations (1963 + 1972)
fr fr fr fr fr fr oM = - 2 . 7 6 4 + 2 . 1 4 4 D 1 -1.012H -.210S -.231T R = .36
( 1 . 1 ) ( 1 . 1 ) ( . 3 )  ( . 1 ) ( . 1 )
SSR » 113.970138
^ fr fr oM « -1. 858~.8 69 H -.223S - . 095T R « .29 6
(1.1) (.3) (.1 ) (.09)
SSR = 125.968479
M = -3 .4 0 3  + 6 . 1 1 0 D 1*-1.144H'r+ . 5 5 2 D 1H+
(1.5) (4.) (.5) (1.1)
*  *  -tt p* 2 73S - . 2 1 0 D 1 S-. 220T -.6111)^ R = .38
(.1) (.3) (.1) (1.1)
SSR = 110.128408
Notes: “ Imports in 1963, ^ 7 2  = Im P 0rts in 1972,
Hbg = skill intensity of U.K. in 1963, Sg = The U.k. 1963 scale 
effects, i.e. (N*/) ***> where N *3 / i s  total employment in the ith 
industry in 1963 and is scale elasticity of the ith1 O
industry in 1963, Tb^ = Tariff rate of U.K. in 1963, SSR = 
the sum of squared residuals of the errors term, S^ and Tb^ 
have a corresponding meaning, M = 1963 + 1972 imports of the 
United Kingdom, H = 1963 skill data for both 1963 + 1972 
samples, S = 1963 + 1972 scale elasticities of the U.K.,
T = 1963 + 1972 tariff rates of the U . K . , = A dummy
variable assumes zero for 1963 and one for 1972 observations, 
the number of dummy variables should either be equal to the 
number of classes (or less one), the number of classes in our 
models are t w o , i.e. 1963 and 1972.
The number of exporting industries (including scale 
economy) are fifty in 1963 and forty-two in 1972,
The standard errors of the coefficients are shown in 
pa renthe s i s •
* Indicates t-values significant at 5 per cent 
probability level.
** Indicates t-values significant at 1 per cent 
probability level.
7 4 .
TABLE 7 LOG-LINEAR REGRESSIONS EXPLAINING THE UNITED STATES 
STRUCTURAL CHANGES IN IMPORTS, I963 and 1972
Fifty observations 1963
M63  = - 2 . 280- 1 . 3 7 1 '" H a3 - 2 . 7 9 3 /w'S3 - . 260Ta3
( 1 . 2 ) ( . 3 ) (.81) (.3)
R = .38 
SSR = 18U.030538
Forty-two observations 1972
1 ^2  = 1 . 1 0 6 - . 7 6 l ' H{‘Ha3 - . 0 7 5 S 7 - . 0 5 l T a 7 
(1 ) (.2 ) (.1 ) (.2)
Ninety-two observations (1963 + 1972) 
M = -l.Ui8-l .223 h-.371'S-.51+2""T
(.7) (.2 ) (.2) (.08)
r  = .u +
SSR = 97.891*732
R - .3 9
SSR = 339.1+03879
M = -2.201+2.872‘,'D1-1.17l+’°'H-.318S-.16ST 
( . 8 ) ( 1 . 7 )  ( . 2 ) ( . 2 ) ( . 2 )
K = -2.280+!+.88S'“D1-1.98l':HtH+.609H,H-
(1) (2.5) (.7) (.<0
5.511" 'S+2.718 D1S-.U68T+.208D1T
(1.5) (.8) (.7) U )
R = . h i
SSR = 328.903263
R = .U9 
SSR = 281.925570
Notes: M63 and M7 2 = Imports of the U.S. in 1963 and 1972
respectively, Ha3 = U.S. skill Intensity in I960, S3 = U.S. 1963
ocscale effects, i.e. 13, where nY  = total employment in the ith
industry in 1963 and CK^ is scale elasticity of the same ith.
Industry in 1963, Ta3 = Tariff rate of the U.S. in 1963, SSR = the
sum of squared residuals of the errors term, Srj and Ta^ have a 
corresponding meaning, M = 1963 + 1972 pooled imports of the U.S.,
H = 1963 skill data for both 1963 + 1972 samples, S = 1963 + 1972 
scale elasticities of the U.S., T « 1963 + 1972 tariff rates of the 
U.S., = A dummy variable assumes zero for 1963 and one for 1972
observations, the number of dummy variables should either be equal 
to the number of classes (or less one), the number of classes in our 
models are two, i.e. 1963 and 1972.
The number of exporting industries (including scale economy 
industries) are fifty in 1963 and forty-two in 1972.
The standard errors of the coefficients are shown in 
parenthesis.
* Indicates t-values significant at 5 per cent probability
level.
Indicates t-values significant at 1 per cent probability-
level .
The results in Tables 6 and 7 show that the scale economy 
and human skills variables are significant in both years and 
for each of the two countries. The D variables in the United 
Kingdom regressions are not significant indicating that the 
influence of those variables on the United K i n g d o m ’s imports 
from the non-OECD countries had not changed between 1963 and 
1972. On the other hand in the United S t a t e s ’ regressions 
(table 7), the D variables are often significant for the slopes 
and the intercepts suggesting some change in import pattern 
between 1963 and 1972. In order to corroborate this conclusion 
we conducted a differential F-test for the intercepts and for 
the elopes.
i , The United Kingdom
a. Ninety-two observation sample 
Test for differential intercepts
f l _
F(l) = M  « 7 . 082738 * 1.6
S 9 4.384254057
MP-P-K+1 
Test for differential slopes
S 3
F(2) = PIC-P-IC+1 = 10.17194267 = 1.89
S. 5.3680270834
P(M-K)
But the F table shows that for F0.05 and with (l,87) 
and (3,84) degrees of freedom the values for F(l) and F(2) 
are 3.94 and 2*71 respectively which are higher than 1.6 
and 1.89 respectively. Therefore we reject the hypotheses 
of differential intercepts and slopes for import pattern of 
the U.K. between 1963-1972
The meaning of the symbols are explained in Chapter 3, 
s ection 3.6
X
b .  T h i r t y - n i n e  o b s e r v a t i o n  s a m p l e
Test for differential intercepts.
S 1
F(l) = P-l b 11 .998341 » 3.57 9
Sg 3.352062882
MP-P-K+1
Test for differential slopes
f a _________
F (2) b P K - P - K + I  = 2. 257259 = 0. 652
S. 3.4580116454 __
P (M -IC )
But the F table shoAvs that for F0.05 and Avith (l,34) 
and (3,3l) degrees of freedom the values for F(l) and F(2) 
are 4.12 and 2.92 re specti vely -Avhic h are higher than 
3.579 and 0.652 respectively. Therefore Ave reject the 
hypotheses of differential intercepts and slopes for 
import pattern of the U.K. betAveen 1963-1972.
Test for differential intercepts
F(l) = 10.502616 = 2.778
3.7804
But F .05 from F table with (l, 87) degrees of freedom 
is 3.94 which is higher than 2.778 and so we reject the 
hypothesis of differential intercepts.
Test for differential slopes
F (2) = 46.977693 = 13.9
3.356
But F .01 with (l,84) degrees of freedom is 6,91 which 
is' lower than 13.9 and suggests strongly differential slopes 
for the United S t a t e s ’ import pattern from the non-OECD 
countries between the period 1972-1963, specially for the 
scale economy variable slopes.
A third question that may arise is whether the
significance of skills and scale economies (on the imports
and exports) changed between 1963 and 1972. Compared with 
1963, how far these changes can be differentiated? To 
examine this we measured, for the United Kingdom the 
relative aggregate imports to aggregate exports of scale 
economy commodities in 1963 and 1972 as follows.
i i .  T h e  U n i t e d  S t a t e s
79 *
( a(Z)x. 0c.) 4 £x.
V 1  1  3
(E M i « i ) *  E m .
U.K.
(where 1 = 1 ...... 50 or 1*2 observations for 1963 and 1972
respectively, M = imports, X = exports, andCC = scale elasticity 
for the ith industry). The results were 1 , 0 3  and 1 . 7  respectively 
for 1963 and 1 9 72, which explain the relative increase of imports 
in 1972 over 1 9 6 3 .
The above test was repeated in terms of the human skills for 
the U.S. and the U.K.:=
(Where , Ha = Human skills of Britain and America in 1963, and 
the other symbols have a corresponding meaning).
The results were .73 and .87 for the U.K. and .71 and .81 for 
the U.S., respectively for 1963 and 1972, which clearly explains 
the relative increase of imports to that of exports for both countries 
in 1972.
U.K.
and
U.S.
SIZE OF PLANT AND 'ECONOMIES OF SCALE 
IN THE U.K. AND THE U . S .A .
Recent studies on industrial performance show that 
the United K i n g d o m ’s rate of growth in general and its 
productivity in manufactures in particular has lagged behind 
most OECD countries*'. Disparity in productivity between the 
U.K. and the U.S. has been registered for a long time and
2had reached a level of 3 : 1 in favour of the U.S. in 1978 .
However it has been proven that, in both countries, labour
productivity was not related to capital intensity. Other
studies on inter-plant comparison of productivity and
earnings show that variations in productivity within plants
are positively related to labour skill differences and
3that productivity increases with size of plant .
Following on from these studies, this chapter 
attempts to test the relationship between productivity,
4average size of plants , and capital intensity. The
C H A P T E R  5
R.E. Caves and L . B .  Krause, Editors, B r i t a i n ’s Economic 
Performance, the Brookings Institution, Washington, D.C., 
1980, Table 3, page 3, shows that the United K i n g d o m ’s 
income per capita is lower than that of the United States, 
France, Germany, Japan, but only higher than that of Italy 
in 1975.
2 Ibid, page 193, comments by S.J. Prais; Prais also shown 
that average size in the U.K. industries have increased 
more pro portionately than the corresponding average in the 
U.S., page 194.
3
John M. Ball and N.K. Skeoch, Inter-PIant Comparisons of 
Productivit y and Earnings, Government Economic Services 
Working Paper No. 38 (Department of Employment Working 
Pap e r N o . 3)♦
4 The tests were also carried out on average size of firms 
only the plant results will be reported, because the plant 
is the basic unit of pro duction and the results were most 
sati sf a c t o r y .
variables used in this test were the weighted average of 
plants, value added per employee, and real capital 
expenditure per employee in S IC1 industries. These 
measures take account of the entire distribution of 
plants in these industries. Plants in each industry 
were classified into two groups, top and lower size 
distributions. The top size distribution is defined 
as those plants employing 500 and over, while the lower 
size distribution is defined as thoseemploying under 500 
employees. Then the average of each group and the 
overall average were examined.
5.1 THE VARIABLES AND THE HYPOTHESES
Our main hypothesis is that productivity measured 
in terms of value added per employee will be higher in 
large plants than in small plants. Furthermore, the 
constant returns to scale and homothetical production 
function which we assumed in chapter two will also be 
t e s t e d .
The measure "Weighted Average Size of Plants (W.A.S.P.) 
may be explained with the help of the following profile 
taken from the U.K. Census of Production, 1972,
1SIC = Standard Industrial Classification.
INDUSTRY NO. PA217, TABLE 3, ANALYSIS OF ES TABLISHM ENTS  
BY SIZE, 1972.
Class Size Establis hment s Employment Value Added 
per Head
Numb e r £
1- 10 105 588 1906
1 1- 24 107 1719 1906
25- 49 27 960 1906
50- 9 9 24 1614 1906
100- 199 21 2768 2615
200- 299 5 1343 2336
300- 399 11 38 38 2390
400- 499 8 3482 3411
500- 999 7 5258 2166
1000- 1499 4 49 00 1710
1500- 2999 3 6158 2858
3000- 4500 6 40565 3234
T0TAL 328 73193 2859
We first calculated the mid-points*" of each of the
above size-classes and considered them to be th e average
sizes of plants in thos classes (S^) • We then took a
weighted average of those sizes, the weights being total
employment in each size-class (N^). Thus the W . A . S. P.
is given by: y .  S* N. For the 
>  . N.A-x i
above industry this is
equal numerically to:
(5.5 x 588) + ------------ + (37 49.5 x 40 5 65 )
73193
We can alt ern atively make use of the Log-normal 
di stributio n to estimate the average sizes (i.e. the 
medians) of the U.K. and the U.S. industries in terms 
of employment instead of the Weighted Average Sizes of 
Plants (W.A.S.P.), and in terms of value added instead 
of the Weighted Average Productivities of Plants (W.A.P.P.)
(Where 5.5 is the mid-point of the first size-class 
and 3749,5 is that of the largest class, and 
73193 = total employment in the industry).
The W.A.S.P. *s for the top and the lover groups 
were then calculated by following the same previous 
pro c e dur e •
The Weighted Average Productivity of Plant 
(W.A.P. P . ) is given b y :
s . ^i  i * i
T t  N i
(Where A  is value added per employee in the ith 
s i z e - c l a s s ).
This can be expressed numerically as:
(5.5 x 19 0 6 ) ------------  (3749 .5 x 3234)
2859
(Where 1906 is the average value added per employee 
in the first size-class, and 3234 is the average value 
added per employee in the largest size-class,
2859 = 'S. N. .
i  i i
V .  N.i  x
(The W.A.P. P. 1 s for the top and the lover group vrere 
then calculated by following the same procedure).
Our data sample includes 92 observations for 1963 and 
81 for 1972 for the U.K., and 81 observations for the U.S. 
for 1972 (S.I.C. classification). These samples covered
All the variables calculated above were deflated by 
IA , which might help to alleviate the problem of
h e t e r o s c e d a s t i c i t y , if it exists.
1
and the American Census of Manufactures.
\
The regression equations were of the forms:
io Y . = f (X.)1 1
ii. Y. = g (X. fi )
1 * L .i
(Where Y £ = W.A.P.P., X. = W.A.S.P., and K. = capital - 
labour ratio in the ith industry). B i
Alternative specifications for and X., were also 
tried: Yrt denotes the W.A.P.P. in the top group of the
ith industry while Y2^ is the corresponding coefficient for 
the lower group of the same industry; Xl^ and X2^ 
respectively are their corresponding W.A.S.P, Accordingly 
the above equations were re-run as:
i. Yl. = fj ( X q ) ,  and YS. = f a "(X2.),
ii Yl = g (XI , ), and Y2i = g (X2 , ffi )
1 1 1 L l . 1 L 2 .
1 X
5.2 THE TESTS
The tests for the United Kingdom made use of data 
for the years 1963 and 1972, and the United States test 
was restricted to 1972.
We ran linear and log-linear regressions for the 
models specified in (5.l); the results for the log-linear 
regressions were more significant and accordingly only 
these will be reported. The results for the first model 
are shown in Table 1, while those for the second are in 
Table 2. Table 1 shows that, except for the U.K.
m o s t  i n d u s t r i e s  b o t h  i n  t h e  B r i t i s h  C e n s u s  o f  P r o d u c t i o n
(the 1972 lower group of sizes), the W.A.P.P. results 
are significant for all average sizes (i.e. top, lower, 
and overall) of the U.K. and the U.S. in both 1963 and 
1972. Furthermore, the large size plant results were 
more significant than the small size# The latter are 
consistent with the findings that there is a degree of 
variability in the growth-rates of different sized plants; 
and that both large and small plants are subject to the 
same probabilities of success or failure and of growth 
or decline in productivity*". However, the evidence 
recently developed in Caves* paper suggests a slight 
possibility that British productivity is relatively higher 
in the smal1 er-scale plants. He blamed that on the 
shortcomings of British mana g ement - and poor labour relations 
in large plants.
If ve now consider the results in Table 2, we can see
there is no significant association between productivity
and capital intensity. This justifies our assumptions of
static economics of scale and homothetic production function;
large and small plants have the same capital-la bour ratio
during the period of the 1963 and 1972 tests. This result
is consistent with the statistical record on the association
gbetween labour productivity and capital intensity . A
*S.J. Prais, The E v o l uti on  of Giant Firms in Britain 
1909-1970, Cambridge, 1976
2R.E. Caves, Productivity Differences among Industries, 
in, B r i t a i n ’s Economic Performance, by R. Caves and 
L. Krause, Editors, Washington D.C., 1980, page - 135.
Ibid, comments by S.J. Prais, page 195.
3
possible explanation is that capital-intensive industries
I
tend to have large plants whose labour forces have great
bargaining power which could cause bad labour-relations
to offset partly or wholly the contribution of capital.
Generally our results compared favourably with other
studies, such as that of Meller* on Chilean industrial
establishments. He found that relative efficiency in
small plants is less than that in large plants and that
this is not due to the influence of capital intensity.
Meller's study made use of Farrell's efficiency frontier 
2technique ; the production technique is technically
efficient if it uses a smaller combination of capital
and labour for a given amount of product.
On the other hand in a study involving inter-country 
. .3comparisons, Banerji found that size is positively 
correlated with capital intensity. This would suggest 
that higher labour productivity in larger plants may be 
due to higher capital-labour inputs. However, Banerji's 
study was carried out on countries with different levels 
of economic development with different production functions, 
while the United Kingdom and the United States have similar 
production functions. Also, the Banerji proxy for capital- 
labour ratio, the average sectoral horsepower per employee, 
is not very representative and cannot be compared with our 
measure, the real capital expenditure per employee in each 
industry.
*Patrico Me 11 e r , 'Effi ciency Frontiers for Industrial E s t a b l i s h ­
ment of Different Sizes', Explorations in Economic R e s e a r c h , 
Vol. 3, No. 3, 1976.
2M.J. Farrel, ‘The Measurement of Productive E f f i c i e n c y 1, 
Journal of the Royal Statistical Society, Series A, Vol. 120 
part 3, 1957
R. Banerji, 'Average size plants in Manufactu ring and Capital 
Intensity, "A Cross-Country Analysis by Industry"', Journal of 
Development Economics, 1978, pp. 155-166.
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A question that arises is whether the relationship 
between the weighted average size of plants (W.A.S.P.) 
and labour productivity differs between 1963 and 1972?
First we examine whether the sample observations for 1963 
and 1972 can be considered to come from the same population. 
The appropriate test is that of G.C. Chow or alternatively 
of F.M. Fisher as follows:
The test is given by:
F = ( e e - e ^ 6 j ) / m  
e l  e l
(Where is the sum of squared residuals for the 1963
sarapie and e e is the sum of squared residuals for the 
1963 and 1972 observation sample, m is the 1972 observation 
sample, n is the 1963 observation sample, and k is the numbe 
of variables in the regression).
Applying the Chow test to our regression coefficient 
w e g e t :
F = 1.277
The corresponding value of F.001 with (92, 81) degrees of 
freedom is 1,685. Therefore we can accept the hypothesis 
of a common observation sample population.
Next, in order to see whether there is any structural 
change in the weighted average size of plants during the 
1963 to 1972 period we make use of the covariance analysis. 
The results are shown in Tables 3 and 4,
5 . 3  F U R T H E R  Q U E S T I O N S
i
TABLE 3 COMPLETE COVARIANCE EQUATIONS FOR W.A.S.P. ( x ) , 
U.K., 1963-1972
1963 * *  2Y = 0.174 + 0.905X R = 0. 
( 0 . 1 ) ( . 0 2 )
95 SSR = 21.190815
* *  21972 Y = 2.885 + 0.480X R = 0.
(0.4) (0,06)
39 SSR = 20.933823
1963+1972 Y = 1.467 + 0.733X** R 2 = 0. 
(0.1) (.03)
76 SSR = 23.295851
1963+1972 Y = 0.882 + 0.804X + 0.402D
(0.2) (0.03) (0.08)
** R 2 = 0.79
SSR = 20.670057
Notes: X = The weighted average size of plants in the ith
industry in terms of employment, Y = The weighted 
average value added per head in the industry,
D = A dummy variable which takes the value zero 
for 1963 observations and one for 1972 observations. 
The standard errors of the coefficients are in 
parenthesis. * and ** denote t-values significant 
at 1 and 5 percent levels respectively.
The number of observations = 92 for 1963 and 81 
for 1972. SSR = The sum of squared residuals.
TABLE 4 COMPLETE COVARIANCE EQUATIONS FOR W.A.S.P. (X ), 
U.IC. , 196.3 AND 197 2
1963 Y, = 0.148 + 0.883X** R 2 = 0.94 SSR = 25.225541
1 ( O . l )  ( 0 . 0  2 ) 1
1972 Y, = 1.959 + 0.581X** R2 = 0.44 SSR = 34.667755
1 (o.4) (0.07)
* *  p1963+1972 Y = 1.294 + 0. 70 3 X 1 R = 0.60 SSR = 65.260550
1 (0.2) (0.04)1
1963+1972 Y, = 1.478 + .687X**“ 0.249D R 2 = 0.61
1 (o 29 ) (.04) 1 (0.13) SSR = 64.028716
Notes: X^ = The weighted average size of plants in the
Top group, Yj = The weigh'ted average value added
per head in the Top group, D = A dummy variable which
takes the value zero for 1963 and one for 1972
observations* The standard errors of the 
coefficients are in parenthesis. and denote
t-values significant at 1 and 5 percent levels 
respectively. The number of observations = 92 
and 81 for 1963 and 1972 respectively.
SSR = The sum of squared residuals.
If we inspect the results in tables 3 and 4 we see that 
most of the coefficients are significant at 1 per cent levels
for 1963 and 1972. The D variable, however, shows less
significant results* To see whether any changes occurred 
in the intercepts and the slopes in 1972 over 1963, we 
conducted F/-,\ and P / 9 ) tests respectively:
9 2 .
T h e  W . A . S . P .  ( X )
( 1 ) =
S
« S 1 = 8.176
2
( 2 ) * f s
S
S_ = 85.565
o
4
(Where S^, S^, S^ and are as defined in Section 
Cha pte r 3).
6
While F . 0 1  with ( l ,  1 6 8 )  and ( l ,  1 6 9 )  degrees of
freedom are 6 . 6 3  and 6 . 6 3  respectively for a n d ^ ( 2 ) ’
which means that we accept the hypothesis of differential 
intercepts and slopes for the W.A.S.P. ( x )  between 1 9 6 3  
and 1 9 7 2 .
Our covariance results in chapter 3 showed that scale 
elasticities of industries in the U.K. had changed 
between 1963 and 1972. We now find that average size 
of plants have changed during the same period (chapter 5). 
The latter suggests that productivity of plants has
changed as size changed.
ii. The W.A.S.P. (X1 )
F (l) = f i  = 3.251
S 2
F (2) = ^3 = 11.6009
S4
As F .01 with (1,168) and (1,169) de grees of freedom 
are both 6.63 for E ( •£ ) anc* F ( 2)’ ve reJec^ hypothesis
of differential intercepts for X ^ , but we accept the 
hypothesis of differential slopes, and this again falls 
in line with our findings in Chapter 3.
All in all the (F) tests suggested that there is 
a change in the W.A.S.P. in British industry between 
1963 and 1972, Hence, the opportunity costs (the 
elasticity of total costs with respect to scale) had 
changed especially in thoseexporting industries which 
were producing under increasing returns to scale during 
this period* The tests also proved that capital 
intensity has no influence upon inter-plant variations 
in productivity*
C H A P T E R  6
The main purpose of the study was to examine whether 
the relative U.S./U.K. competitive performances in 
international trade could be explained by their national 
industrial structures, as expressed by the production of 
scale economy goods, and the skill content of their products.
The first part of the study (chp. 1-3) discussed and 
applied the different methods of estimating the minimum 
efficient firms in British industries and also used 
Hufbauer's method to estimate scale elasticities for the 
U.K. and the U.S. industries at two different levels 
(i.e. plant and firm).
The second part of the study (chp. 4) used a simple 
model to test the role of economies of scale in international 
trade for the years 1963 and 1972. The results shoved that 
scale elasticities are important in determining the trade 
advantage of the U.S. relative to the U.K. However the 
extent of this advantage differed between the world market 
as a whole and regional markets such as the OECD and 
Non-OE CD countries. The latter result suggested that 
size of the market was another important factor to consider 
in international trade. The results for the relative 
imports shoved more significance when adjusted for relative 
income in the two countries. This is equivalent to saying 
that size of the market is relatively larger in the United 
States than in the United Kingdom, and accordingly, the
SUMMARY AND I M P L I C A T I O N S
demand for imports from the three regional markets 
(i.e. the World, OECD and Non-OECD) was greater for the 
United Stateso
The human skills results were significant for imports 
whereas for exports they were significant only for the 
Non-OECD market. The latter result is due to the fact 
that factors costs and product differentiation vary little 
between the United States and OECD countries as between 
OECD and Non-OECD countries. The results for both 
exports and imports were consistent with the view that 
the U.S. has a relatively higher endowment of skilled labour 
than the U.K.
In 1972 tests, import results were more significant 
than export for both scale economy and human skills. The 
tariffs variable performed well in 1963, but showed a weak 
influence in 1972 for both export and import regressions, 
possibly due to the tariff reductions negotiated under 
the Kennedy Round which made their effects less important.
Our study also showed (chp. 5) that productivity was 
significant in both large and small plants, but it has not 
been able to ascribe any very substantial role for capital 
intensity in determining productivity in the U.K. industries.
The covariance technique used in the study enabled us 
to measure the structural changes in firm or plant sizes 
and import and export patterns, between 1963 and 1972,
The results showed that most exporting industries changed 
their scale elasticities in 1972 compared with 1963, Only 
the imports pattern of the U.S. changed, but both scale
elasticities and size of plants changed in the U.K. 
during the same period.
IMPLICATIONS AND FURTHER RESEARCH AVE NU ES
One implication of our study is that large firms 
in the U.K. operate at a disadvantage. However, it 
should be added that the research concentrated 011 the 
technical side of economies of scale. This is but one 
of many factors vhich contribute to the competitive 
dimensions of production. Diseconomies of scale, such 
as strike activities, bad labour relations and inadequate 
managerial control, will in most cases outweigh the 
advantages which arise from producing on large scale 
firms. So the relative trade model of the U.S./U.K. 
could be re-examined with allowances being made for 
pecuniary economies of scale. Another caveat, is that 
these large firms may add to market imperfections by 
monopolizing the home sales and causing a loss to consumer 
s u r p l u s .
The second implication of this study is that the 
United Kingdom has a disadvantage in skill requirements 
for industries, therefore more training courses are needed 
to increase the number of workers with vocational 
qualifications. This latter implication is corroborated 
in a Recent study by Prais* on vocational qualifications 
of the labour force in Britain and Germany. Prais found
1 S.J. Prais, Vocational Qualifications of the Labour Force 
in Britain and Germany, National Institute of Economic and 
Social Research, Discussion Paper No. 43 (industry series 
No., 4), August 1981.
that two-thirds of the labour force in Britain have no 
vocational qualifications compared with a third in 
Germany. So whether by compulsory training (as in the 
case of Germany), or market incentives (as in the case of 
the United States), Britain needs more apprentice training 
to improve the quality and skill proportions of its labour 
force. This is another important area which would benefit 
from more specialized research.
APPENDIX A
Both Bain's and Comanor and Wilson's methods follow the simple 
Arithmetic Mean Statistic, while Weiss's method follows the Median 
Statistic. The main characteristics of the mean for purposes of 
application is that it must be affected by all the actually observed 
values. So it will also be affected by extreme values. The Median 
perhaps is more appropriate than the mean in representing the frequency 
distribution more adequately, when the distribution has extreme values 
and skewed. A Median of a frequency distribution is a value that 
divides the frequency distribution into two equal parts. But, there are 
some situations where the Median is indeterminable precisely, and then 
the distribution could be skewed either to the right or to the left.
Finally, when the distribution is skewed to the right, then:
The Mean> The Median
and the distribution will be like that of figure (a)
COST
But, when the distribution is skewed to the left then:
9 9 .
The Median > The Mean 
and the distribution will be like that of figure (b)
Finally, when the distribution is symmetrical, then: 
The Mean = The Mode = The Median 
and the distribution will be like that of figure (c)
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T H E  C O V A R I A N C E  A N A L Y S I S  I N  T R A D E  M O D E L
T h e  a p p l i c a t i o n  o f  O L S  ( O r d i n a r y  L e a s t  S q u a r e s )  i n  e s t i m a t i n g  
a n y  e c o n o m i c  r e l a t i o n s h i p  b e t w e e n  a  s e t  o f  c e r t a i n  k n o w n  a n d  
c o n t r o l l e d  v a r i a b l e s  i s  b a s e d  o n  n e c e s s a r y  a s s u m p t i o n s .  S o m e  o f  t h e s e  
r e f e r  t o  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  e r r o r  t e r m  a n d  t h e  e x p l a n a t o r y  
v a r i a b l e s ,  a n d  s o m e  r e f e r  t o  t h e  d i s t r i b u t i o n  o f  t h e  e r r o r  t e r m  
i t s e l f .  I n  t h i s  A p p e n d i x  I  i n t e n d  t o  e x p l a i n  t h e  u s e  o f  t h e  c o ­
v a r i a n c e  a n a l y s i s  t e c h n i q u e  i n  t e s t i n g  t h e  U S - U K  t r a d e  m o d e l .  T h e  
a i m  i s  t o  c o r r e c t  f o r  t h e  u n c o n t r o l l e d  v a r i a b l e s  w h i c h  u s u a l l y  e x i s t  
i n  a n y  r e l a t i o n s h i p  a t  v a r i o u s  d e g r e e s .  T h e  m o d e l  s i m p l y  p o s t u l a t e s  
t h e  f o l l o w i n g  r e l a t i o n s h i p :
APPENDIX F
U S
o r
U N .
E x p o r t s
o r
_  I m p o r t s ,
f | n u m a n  S k i l l ,  T a r i f f ,  S c a l e  E c o n o m y j >
B u t ,  a s  w i l l  b e  e x p l a i n e d  i n  t h e  t h e o r e t i c a l  p a r t  o f  t h i s  
s t u d y ,  a n y  r e l a t i o n s h i p  o f  t h i s  k i n d  c o u l d  n o t  b e  e n v i s a g e d  a s  
c o m p l e t e  o r  h a v i n g  a  p r e c i s e  f o r m .  T h e  p r o d u c t  d i f f e r e n t i a t i o n ,  n e w  
t e c h n o l o g y ,  s i z e  o f  t h e  m a r k e t ,  o p t i m u m  s i z e  o f  t h e  f i r m  o r  t h e  
p l a n t ,  t r a n s p o r t a t i o n  c o s t ,  a n d  o t h e r  m a n y  f a c t o r s  m a y  p l a y  s o m e  
r o l e  a s  w e l l  a s  t h e  f a c t o r s  m e n t i o n e d  a b o v e .  T h e  q u e s t i o n ,  t h e r e f o r e ,  
i s  h o w  w e  c a n  i n c l u d e  t h o s e  m i s s i n g  v a r i a b l e s  i n  o r d e r  t o  s e c u r e  a  
b e s t  l i n e a r  u n b i a s e d  e s t i m a t i o n .
T h e  g e n e r a l  l i n e a r  m o d e l  i n  e c o n o m e t r i c s  c a n  b e  a p p l i e d  i n  
t h r e e  d i f f e r e n t  k i n d s  o f  a n a l y s i s ,  t h o s e  a s s o c i a t e d  w i t h  v a r i a n c e ,  
c o v a r i a n c e ,  a n d  r e g r e s s i o n  a n a l y s i s .  S o m e  o f  t h e  f a c t o r s  t h a t  a r e  
u s e d  i n  a n y  r e l a t i o n s h i p  o r  s e r i e s  o f  o b s e r v a t i o n s  a r e  q u a l i t a t i v e ,  
t h e  o t h e r s  a r e  q u a n t i t a t i v e .  A  q u a n t i t a t i v e  f a c t o r  m a y  b e  t r e a t e d
134.
e i t h e r  q u a l i t a t i v e l y  o r  q u a n t i t a t i v e l y  i n  a  m a t h e m a t i c a l  m o d e l ;  f o r
I
e x a m p l e ,  w h e n  w e  t a k e  a n y  s a m p l e  o b s e r v a t i o n  f r o m  a  s a m p l e  
p o p u l a t i o n ,  t h e  o b s e r v e d  v a l u e  m a y  b e  t r e a t e d  q u a n t i t a t i v e l y ,  b u t  
t h e  e x p e c t e d  v a l u e  o f  s a m p l e s  o f  t h e  s a m e  p o p u l a t i o n  c a n  b e  t r e a t e d  
q u a l i t a t i v e l y .  I n  r e g r e s s i o n  a n a l y s i s  a l l  f a c t o r s  a r e  q u a n t i t a t i v e  
a n d  s h o u l d  b e  t r e a t e d  q u a n t i t a t i v e l y .  I n  v a r i a n c e  a n a l y s i s  a l l  
f a c t o r s  a r e  t r e a t e d  q u a l i t a t i v e l y ,  w h e r e a s  i n  t h e  a n a l y s i s  o f  c o -  
v a r i a n c e  s o m e  f a c t o r s  a r e  p r e s e n t  t h a t  a r e  t r e a t e d  q u a n t i t a t i v e l y ,  
a n d  s o m e  a r e  t r e a t e d  q u a l i t a t i v e l y .  W e  m a y  c o n c l u d e ,  t h e r e f o r e ,  t h a t  
b o t h  q u a n t i t a t i v e  a n d  q u a l i t a t i v e  f a c t o r s  c o u l d  j o i n t l y  d e t e r m i n e  a n y  
t r a d e  m o d e l  a n d  i t  i s  o f  i m p o r t a n c e  t o  c h o o s e  a n  a p p r o p r i a t e  
t e c h n i q u e  t o  i n c l u d e  a l l  o f  t h e m .
T h e  s i m p l e s t  m o d e l  t h a t  c a n  b e  a p p l i e d  t o  a  q u a n t i t a t i v e  d a t a  
i s  t h e  f o l l o w i n g  O L S  m o d e l :
W h e r e  Y  i s  a n  ( n X q )  c o l u m n  v e c t o r ;  a n d  X  i s  a n  ( n X k )  m a t r i x  
o f  e x p l a n a t o r y  v a r i a b l e s ;  B  i s  a n  ( k X l )  v e c t o r  o f  c o e f f i c i e n t s ;  a n d  
IT i s  a n  ( n X l )  m a t r i x  o f  e r r o r  t e r m s .
N o w  i n  o r d e r  t o  i n c l u d e  o t h e r  u n c o n t r o l l e d  v a r i a b l e s  a n d  c l a s s  
e f f e c t s ,  t h e  X  m a t r i x  s h o u l d  b e  e x t e n d e d  t o  i n c l u d e  s o m e  d u m m y  
v a r i a b l e s ,  a n d  t h e  f u n c t i o n  c a n  t h e m  b e  w r i t t e n  a s :
Y  =  X B  +  U .,
U S  E x p o r t s  
o r  o r  
U K  [ . I m p o r t s
f j l i u m a n  S k i l l ,  S c a l e
W h e r e  K i  r e p r e s e n t s  s e t  o f  d u m m y  v a r i a b l e s ,  ( i  =  1 ------------------- r ) ,
and the matrix form can then be written as:
135 »
W h e r e  Y ,  X ,  a n d  B  a r e  a s  b e f o r e ,  O C  i s  a  ( p ~ l )  e l e m e n t
c o l u m n  v e c t o r ,  OC =  j a q ,  a 2  . H o w e v e r ,  w e  m a y  a s k  n o w ,
w h a t  w i l l  h a p p e n  i f  w e  d o  n o t  i n c l u d e  t h e  d u m m y  v a r i a b l e s  i n  t h e  
m o d e l ?  D e a l i n g  w i t h  n o r m a l  c a s e s  w h e r e  O L S  a s s u m p t i o n s  a r e  
f u l f i l l e d ,  t h e  t o t a l  v a r i a t i o n  o f  t h e  Y  v a l u e s  a b o u t  t h e i r  s a m p l e s  
m e a n s  c a n  b e  p a r t i t i o n e d  i n t o  t w o  p a r t s ,  t h a t  i s :
2 A 2 2 
J . \  -  Z \  + Z 3 ±
/A
T h e  f i r s t  i s  t h e  t o t a l  v a r i a t i o n  o f  t h e  Y  v a l u e s  a b o u t  t h e i r  
m e a n s  y ;  t h i s  i s  o f t e n  r e f e r r e d  t o  a s  t h e  s u m  o f  s q u a r e s  d u e  t o ,  
o r  e x p l a i n e d  b y ,  t h e  l i n e a r  i n f l u e n c e s  o f  X .  T h e  s e c o n d  c o m p o n e n t  
i s  t h e  r e s i d u a l  o r  u n e x p l a i n e d  v a r i a t i o n  o f  t h e  Y  v a l u e s  a b o u t  t h e  
l e a s t - s q u a r e s  l i n e .  I f  w e  i g n o r e  t h e  c l a s s  e f f e c t  a n d  u n c o n t r o l l e d  
v a r i a b l e s ,  t h e n  t h e  s e c o n d  c o m p o n e n t  o f  t h e  Y  v a r i a t i o n  w o u l d  b e  
o v e r e s t i m a t e d .  F o r  a  c a s e  o f  t w o  v a r i a b l e s ,  t w o  c l a s s e s  o f  Y  ( e . g .  
s a y  t w o  r e g i o n s  o r  t w o  d i f f e r e n t  k i n d s  o f  c o m m o d i t i e s  e x p o r t e d  o r  
i m p o r t e d  t o  o r  f r o m  o n e  r e g i o n )  a n d  o n e  u n c o n t r o l l e d  v a r i a b l e ,  t h e  
c l a s s  e f f e c t  C  i s  s h o w n  i n  f i g u r e  1  b y  t h e  d i f f e r e n c e  b e t w e e n  t h e  
p a r a l l e l  r e g r e s s i o n  l i n e s ,  b u t  t h e  c r u d e  d i f f e r e n c e s  b e t w e e n  t h e  
c l a s s  m e a n s  ( Y 2  -  Y £ )  i s  a n  o v e r - e s t i m a t e  o f  t h e  c l a s s  e f f e c t .
T h i s  i s  b e c a u s e  t h e  t w o  c l a s s e s  h a v e  a  d i f f e r e n t  X  v a l u e ;  i f  t h e  
c l a s s e s  h a v e  t h e  s a m e  X  v a l u e  t h e n  ( Y ^  -  Y £ )  w o u l d  a p p r o x i m a t e  t o
C .  S o  c l a s s  e f f e c t  a n d  u n c o n t r o l l e d  v a r i a b l e s  c o u l d  v a l u e  t h e  
s e c o n d  c o m p o n e n t  o f  t h e  Y  v a r i a t i o n  h i g h e r  t h a n  i t  c o u l d  b e .
T h e r e f o r e ,  t h e  a n a l y s i s  o f  c o v a r i a n c e  w a s  d e v e l o p e d ,  w h i c h  
e s s e n t i a l l y  c o n s i s t s  o f  c o r r e c t i n g  s t a t i s t i c a l l y  f o r  t h e  e f f e c t s  
o f  u n c o n t r o l l e d  v a r i a b l e s  t h a t  c o u l d  n o t  b e  p r o p e r l y  s t a n d a r d i z e d
I = £ 05 + £ B + U ,  -----------------2
T h e  p r o p o s e d  m o d e l  e x a m i n e d ,  t h e  U n i t e d  S t a t e s - U n i t e d  K i n g d o m  
p a t b e r n  o f  t r a d e  ( i . e .  e x p o r t a t i o n s  a n d  i m p o r t a t i o n s )  i n  1 9 6 3  a n d  
1 9 7 2  w a s  c o m p a r e d  w i t h  f i v e  d i f f e r e n t  r e g i o n s ;  t h e  w o r l d  m a r k e t ,
O E C D  ( O r g a n i s a t i o n  o f  E c o n o m i c  C o o p e r a t i o n  a n d  D e v e l o p m e n t ) ,  E E C  
( E u r o p e a n  E c o n o m i c  C o m m u n i t y ) ,  E F T A  ( E u r o p e a n  F r e e  T r a d e  A r e a ) ,  a n d  
t h e  D e v e l o p i n g  C o u n t r i e s  w h i c h  r e p r e s e n t  t h e  r e s t  o f  t h e  w o r l d .
between classes.
C L A S S
FIG 1 O U T P U T
T h e  a i m  o f  t h e  s t u d y  i s  t o  s e e  w h i c h  f a c t o r s  a r e  t h e  m o s t  
i m p o r t a n t  i n  U S  -  U K  t r a d e  p a t t e r n s * * .  T h e  t e s t  w i l l  u s . e ,  1 9 6 3  a n d  
1 9 7 2  s a m p l e s  d a t a :
i .  P
i i .  M
i i i .  X p
i v .  Y i
* * A l s o  I  a m  i n t e r e s t e d  t o  s e e  w h e t h e r  a  s t r u c t u r a l  s h i f t  h a s  t a k e n  
p l a c e  i n  s o m e  o f  t h e  r e l a t i o n s  b e t w e e n  t w o  t i m e  p e r i o d s  ( i . e .  1 9 6 3 ,  
1 9 7 2 ) .
=  T h e  n u m b e r  o f  c l a s s e s  ( i . e .  f i v e  r e g i o n s )
=  T h e  n u m b e r  o f  o b s e r v a t i o n s  p e r  r e g i o n  ( i . e .  1 * 2 ,  
5 0  f o r  1 9 6 3 ,  1 9 7 2  r e s p e c t i v e l y )
=  T h e  n u m b e r  o f  e x p l a n a t o r y  v a r i a b l e s  i n  t h e  
m o d e l  ( i . e .  r  =  2  . . . . . .  k )
=  T h e  d e p e n d e n t  v a r i a b l e  ( i . e .  e i t h e r  i n  t e r m s  o f
exports or imports)
Y .  X .  . ,  w h e r e  
l O r *
i  ~  1  - p  =  5
j  =  i ------------------------------------- M »  U 2 ,  5 0
r  =  2 ------------------------------------ I t
Then x/e have:
Y ^ j  i s  t h e  c l a s s  m e a n  p e r  r e g i o n  f o r  
j  =  1  i  =  1
c o m m o d i t i e s  c l a s s i f i e d  a c c o r d i n g  t o  S I T . C  c l a s s i f i c a t i o n  ( i . e .  
S t a n d a r d  I n t e r n a t i o n a l  T r a d e  C l a s s i f i c a t i o n ) .
M P
Y  =  1  y  Y .  . ,  i s  t h e  o v e r a l l  m e a n
' M P / 1 3
i j = l
T h e  t o t a l  v a r i a t i o n  i n  Y  c a n  b e  e x p r e s s e d  a s  t h e  s u m  o f  t h e  
v a r i a t i o n  b e t w e e n  c l a s s e s  a n d  t h e  v a r i a t i o n  w i t h i n  c l a s s e s ,  t h a t  i s
J  (Yi ,  - 2 - 1  p < V  f  >2 + 1 “ - 1 i )2
i j  i  --------------------------  -------------------------------------
b e t w e e n  w i t h i n
c l a s s e s  c l a s s e s
A l t e r n a t i v e l y ,  w e  c a n  p u t  t h e  m o d e l  s a m p l e s  d a t a  a s  f o l l o w s :
Y i j ’  X l j r 3 W h e r e  r = : 2  Ic ’  1  =  1 ----------------------^  "  1  M ’
H e r e  p  i s  t h e  k i n d  o f  c o m m o d i t y  e x p o r t e d  o r  i m p o r t e d  a n d  M  i s  t h e
n u m b e r  o f  o b s e r v a t i o n s  o n  a  s i n g l e  S I T C  c o m m o d i t y  o v e r  a  n u m b e r  o f
y e a r s ,  1 9 6 3 - 1 9 7 2 .  T h i s  m e a n s ,  t h e r e  w i l l  b e  p  =  1 * 2 ,  5 0  d i f f e r e n t
c l a s s e s  o f  c o m m o d i t i e s  a n d  M  n u m b e r  o f  y e a r s  d a t a ,  a n d  n  =  M P ,  t h e
•overall observations of the sample.
I n  m a k i n g  a  s t a t i s t i c a l  c o r r e c t i o n  i t  i s  p l a u s i b l e  t o  a s s u m e  
t h a t  X  v a r i a b l e  h a s  t h e  s a m e  e f f e c t  o n  J  w h e n  w e  t e s t  d i f f e r e n c e s  i n  
i n t e r c e p t s  ( i . e .  s l o p e s  w i l l  b e  a s s u m e s  c o n s t a n t  f o r  a l l  c l a s s e s ,  o r  
t o  a s s u m e  c o n s t a n t  i n t e r c e p t s  w h e n  w e  t e s t  d i f f e r e n c e s  i n  s l o p e s ,  o r  
w e  c a n  d o  i t  a t  o n c e  b y  t e s t i n g  t h e  c o m p l e t e  r e l a t i o n s h i p  a s  a  w h o l e ,  
a n d  i n c l u d e  d i f f e r e n c e s  i n  i n t e r c e p t s  a s  w e l l  a s  i n  s l o p e s ) .
I n  e q u a t i o n  1  i s  a n  ( N P X F - l )  m a t r i x  o f  d u m m y  v a r i a b l e s  
M
i 0 0 - - - 0 0 i i l l -  - • - H i  |D0 • • • 0 Q |  |0 0 - - - -  i
iQO-'OO. iOO-' - ' OOi  1I I I - - I I 1 10 0 ..........
i l l  I
D= 1 1 1 1
i l l  ■ j
i Q Q ' - ' C O i  i 0 0 - - - 0 0 , |0 0 - - - - 0 0 t i l l l - - -  -
E v e r y  r o w  o f  D  c o n t a i n s  P  s u b - v e c t o r s  e a c h  o f  M  e l e m e n t s  ♦
T h e  m o d e l  i m p l i e s  t h e  f o l l o w i n g  r e l a t i o n s h i p .  F o r  t h r e e  
e x p l a n a t o r y  v a r i a b l e s ,  n a m e l y  X g ,  X g ,  t h e  f i v e  r e g i o n s  t r a d e  
a r e a s ,  c o u l d  i n t e r a c t  w i t h  U S - U I C  t r a d e  a s  a p p e a r s  i n  t h e  f o l l o w i n g  
c h a r t :
O j
0
.1 Dp
139,
j = 1 --- 1*2 —  50,
I T '
M
T h e  r e l a t i o n s h i p  c o u l d  b e  f o r m u l a t e d  a s  f o l l o w s :
C l a s s  1  W o r l d  M a r k e t ,  Y n . =  B n + B 0 X o 7  . + B ~ X , , 7  . + B ,  _•
J l j  1  2  2 l j  3  3 1 J  4  4 1 J
C l a s s  2  O E C D  M a r k e t ,  = CB 1 + a 2V B 2 X 2 2 j + B 3 X 3 2  i + B k \ 2  j
C l a s s  3  E E C  M a r k e t ,
C l a s s  U  E F T A  M a r k e t ,
C l a s s  5  D E V  M a r k e t ,  Y ^  -
I f  t h e r e  i s  n o  d i f f e r e n t i a l  c l a s s  i n t e r c e p t  e f f e c t  t h e n  
a 2  =  a 3  = --------------------------------- a p  =  0 .  S o  w e  n e e d  t o  t e s t  t h e  h y p o t h e s i s
P
a .  _  n  a n d  t h i s  c a n  b e  d o n e  b y  a p p l y i n g  a n  F  t e s t  r a t i o  ( t ol  u ,
i = l
b e  f o r m u l a t e d  l a t e r  o n  i n  t h i s  A p p e n d i x ) .
Tlie test amounts to asking whether the variation in X which
V* -2 Y~/v2 V- 2
u s u a l l y  d i v i d e d  i n t o  y  y  =  y  y i  + ( X ^ i  ’  b e  c h a n g e d  i n  a
s e n s e  t h a t  s i g n i f i c a n c e  i n c r e a s e s  i n  t h e  e x p l a i n e d  s u m  s q u a r e  w h i c h
w i l l  o c c u r  i n  t h e  n e w  r e g r e s s i o n  f o r m  o v e r  t h e  f i r s t  o n e .  O r
e q u i v a l e n t l y ,  w h e t h e r  t h e  r e s i d u a l  s u m  o f  s q u a r e s  a s s o c i a t e d  w i t h
t h e  n e w  r e g r e s s i o n  i s  s i g n i f i c a n t l y  l e s s  t h a n  t h e  r e s i d u a l  s u m  o f
s q u a r e s  a s s o c i a t e d  w i t h  t h e  o r i g i n a l  o n e .
T h e  F  t e s t  f o r  z e r o  o r  d i f f e r e n t i a l  i n t e r c e p t s  c a n  b e  p r o v e d  
a s  f o l l o w s :
T h e  F i r s t  M o d e l :
I = XB + S
B = (XX)-1 X'Y
r h  = A/ /  A A/ yB  X  X B  +  S S  +  2 B  X  S
A /  /
=  B  X  I  +  S S  
a n d  S S  =  j ' j  ~  %  x '  Y
T h e  S e c o n d  M o d e l :
Y  =  D a  +  X B  +  e ,
w h e r e
/  ~
- 1
r  /  i
a D  D D  X D  Y
=
/ / /
B X  D X  X X  Y
—J - — _
✓ fo/ /  fo /  ,
I  I  =  o c D  I  +  B  X  I  +  ©  e
e  e  = Y Y
A? /  fo / /  
O C D I - B X Y
T h e  r e d u c t i o n  i n  t h e  r e s i d u a l  s \ w i  o f  s q u a r e s  i s  e q u a l  t o :
/  /  ^  /  fo/ /  A / /
S  S  -  e  e  =  C C D  Y  +  B X Y  -  B  X  Y
T h e  h y p o t h e s i s =  0  c a n  b e  s h o w n  I n  t h e  f o l l o w i n g  t a b l e :
A n a l y s i s  o f  c o v a r i a n c e  f o r  d i f f e r e n t i a l  i n t e r c e p t s
S o u r c e
o f
E r r o r s
S u m  o f  S q u a r e s d f M e a n  S q u a r e
X a n d D
D
R e s i d u a l
■ /  A  /  A /  /  
e ' e  =  Y  Y  - o c D  Y  ~  B  X  Y  =  S
I n c r e m e n t a l
^  y  < & / /  A ,  /  A /  /
S  S  -  e ' e  =  < x D  Y  +  B X Y - B X Y  =  S. ,
M P - P - K - 1
P - l
S 2
M P - P - K - 1
S 1
P - l
X
R e s i d u a l
/  /  A /  /
S S = I Y - B X I M P  -  K
=   _____________________ w i t h  ( P - l )  a n d  ( M P - P - K + l )  d e g r e e s  o f  f r e e d o m
S2
M P - P - K + l
T h i s  t e s t  i s  c o n d i t i o n a l  o n  t h e  a s s u m p t i o n  o f  c o m m o n  o r  
c o n s t a n t  s l o p e s .  H o w e v e r ,  f o r  d i f f e r e n t i a l  s l o p e s ,  i f  w e  t a k e  t h e
w o r l d  m a r k e t  e q u a t i o n ,  Y _  =  B i + B 2 X 2 1 j + B 3 X 3 1 j + B k \ l j *  t h e  r ® g r e s s i o n  
s h o u l d  b e  r u n  s e p a r a t e l y  f o r  e v e r y  r e g i o n ,  t h e  B ’ s  c o e f f i c i e n t s  f r o m  
t h i s  r e g r e s s i o n  c a n  b e  o b t a i n e d  a s :
142.
Y .  .
•ii
12
'lm
M
v
X .  .r j r
I t  t
112 t ............. ..11K
I T  T
1 2 2 ..............T12K
1  * 1 M 2  ? 1 M K
I
td
H
t
B 2
B = ?3
bk
F o r  t h e  i t h  c l a s s  t h e  m o d e l  c a n  b e  p u t  i n  g e n e r a l  f o r m :
T i l
1
X i l 2
Y
i l K
Y i 2
1
X i 2 2 X i 2 K ?2
Y. . X. . ijr = B =
X i M
i T
i M 2  '
. x. v
i m K
i  = 1
T h e  l e a s t - s q u a r e s  r e g r e s s i o n  o f  o n  X ^  m a y  t h e n  b e  w r i t t e n
Y .  =  X .  b .  +  r .1 i i  l i  =  1
I f  w e  d e f i n e  Z  =
1
o ...............
o 
• 
• 
*
...........0
-
o
o ............ - t
t h e n  Y .  =  Z b . +  rl  l
y'y = ti 2 XL + tir
r  r  =  Y  Y  -  b  Z Y
e^e - / r  = ti 2 X
^  w i t h  d f  ( d e g r e e  o f  f r e e d o m )  e q u a l  t o  
P ( M -  K )
/  fit/ /
< x D  Y  -  B  X  I  =  x i r i t h  P K  -  P  -  K  +  1  d e g r e e
of freedom.
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To Sum UP:
1 .  T e s t  o f  d i f f e r e n t i a l  i n t e r c e p t s :  
s i
F ( l )  -  P - l
s2
M P - P - K + l
2 .  T e s t  o f  d i f f e r e n t i a l  s l o p e s :
S3
=  ( P K - P - K + 1 )
P ( M - K )
3 .  T e s t  o f  o v e r a l l  h o m o g e n e i t y ;
(W
F ( 3 )  =  K ( P - l )
%
P ( M - K )
T o  s e e  w h e t h e r  c e r t a i n  v a r i a b l e s  h a v e  m a d e  a  m u c h  g r e a t e r  
c o n t r i b u t i o n  t o  t h e  l e v e l  o f  s i g n i f i c a n c e  t h a n  o t h e r s  a n d  t h e n  t h e  
r e g r e s s i o n  f o r m  w i t h  f o u r  c l a s s e s  a n d  o n e  u n c o n t r o l l e d  v a r i a b l e  m a y  
l o o k  l i k e  t h i s  f o l l o w i n g  f o r m :
I  = a i +a 2 D2+ a 3 D3 + a ^ + b 1 1 X+b1 2 (D2 X l)+ b 1 3 (D3X1 ) + b ^ ( D u I 1 )+ b a X2 -------
+   +  b ^ ----------------- e t c .
T h o u g h  I  h a v e  d o n e  t h e  t e s t  f o r  a l l  t h e  f i v e  r e g i o n s ,  
n e v e r t h e l e s s  f o r  p r a c t i c a l  a n d  t e c h n i c a l  a p p l i c a t i o n s  o f  t h e  
c o v a r i a n c e  a n a l y s i s ,  I  d i v i d e d  t h e  f i v e  r e g i o n s  i n t o  t h r e e  
n a m e l y :
1 .  T h e  W o r l d  M a r k e t
2 .  T h e  O E C D  M a r k e t
3  .  T h e  N o n - O E C D  M a r k e t
F i n a l l y ,  t o  s e e  w h e t h e r  a n y  s t r u c t u r a l  s h i f t  h a s  t a k e n  p l a c e  
i n  t h e  r e l a t i o n s  b e t w e e n  t h e  t w o  t i m e  p e r i o d s ,  n a m e l y ,  1 9 6 3  a n d  1 9 7 2  
r e s p e c t i v e ^ ,  I  m i l  c o m b i n e  t h e  t w o  y e a r ' s  d a t a  i n t o  c l a s s e s  a n d  I  
w i l l  r e - r u n  t h e  r e g r e s s i o n  a s  Y ^  o n  .  T h i s  i s  f o r  t r a d e  m o d e l ,  t h e  
s a m e  a n a l y s i s  h a s  b e e n  a p p l i e d  t o  s c a l e  e c o n o m i e s  a n d  a v e r a g e  s i z e  
t e s t s  i n  C h a p t e r s  t h r e e  a n d  f i v e  r e s p e c t i v e l y .
T A B L E  A  T h e  C o v a r i a n c e  r e g r e s s i o n  o f  e q u a t i o n s  
1 9 6 3  V 1 0 3  =  8 . 2 2 7  -  0 . 0 7 4  E l 0 3
( . 1 9 ) .  0 3 )
R  =  . 5 1  
S S R  =  , 0 5 3 8 9 4
• ( 4 1 . 6 8 ) - 2 . 0 4 )
1 9 7 2 V
1 0 3
=  8 . 7 1 8  -
0 0 9  E 1 0 3
R 2  =  . 0 7
( . 0 7 " ) . 0 1 ) S S R  =  . 0 1 8 2 3 7
( 1 1 1 . 7 4 )  ( - . 5 9 )
1 9 6 3 + 1 9 7 2 V
1 0 3
»  8 . 7 7 8  - 1 0 8  E 1 0 3
9
R fa =  * 1 5
( . 4 1 ) ♦ o 0
0
S S R  =  1 . 9 0 6 5 0 4
( 2 1 . 3 4 ) - 1  c 3 3 )
1 9 6 3 + 1 9 7 2 V
1 0 3
=  8 . 8 2 6  -
0 3 4  E 1 0 3 ”
1 . 1 6 7  D i Q 3  R 2  =  . 9 5
( . 0 9 ) . 0 2 ) ( . 0 9 )  S S R  =  . 0 9 8 3 2 6
( 8 9 . 5 8 ) - 1 . 7 0 ) ( - 1 2 . 8 6 )
1 9 6 3 V
2 1 3
=  2 . 2 0 4  +  0 . 7 0 7  E
1 9 7 2
2 1 3
1 9 6 3 + 1 9 7 2  V
2 1 3
1963+1972 V213
2 1 3
( 1 . 2 )
( 1 . 7 9 )
=  8 . 0 5 7  -
( . 1 )
( 4 4 . 2 4 )
=  4 . 9 9 9  •+
( . 9 )
( 5 . 2 7 )
** 5  o 0 7 1  +
( . 9)
( 5 0 2 6 )
. 2 )
3 . 5 0 )
0 5 6  E 2 1 3  
. 0 3 )  
- 1 . 8 0 )
3 5 7  E
. 1 )
2 .  2 7 )
3 8 9  E
. 1 )
2 .3 6 )
2 1 3
213' . 8 5 5  D
R  =  . 6 3  
S S R  =  1 5 . 5 0 8 4 7 3
R 2  =  . 2 8  
S S R  =  . 3 4 6 7 4 9
R 2  =  . 2 3  
S S R  =  4 2 . 5 1 4 7 9 7
R ‘
2 1 3
( 1 . X )  S S R
( - . 7 7 )
=  . 2 6
= 40.987737
1963
1 9 7 2
1 9 6 3 + 1 9 7 2
1 9 6 3 + 1 9 7 2
1 9 6 3
1 9 7 2
1 9 6 3 + 1 9 7 2
1963+1972
V 2 1 4  =  6 * 8 1 8  +  ° * 0 4 7  E  2 1 4
( . 1 6 )  ( . 0 2 )
( 4 0 . 1 4 )  ( 1 . 6 8 )
V 2 1 4  "  1 , 8 2 4  +  1 , 0 8 5  E 2 1 4
( .9)
( 1 . 8 8 )
V 2 1 4  =  2 , 4 9 4  +
( . 7 )
( 3 . 1 5 )
V 2 1 4  =  2 , 4 0 2  +
( . 8 )
( 2 . 9 1 )
. 2 )
5 , 0 7 )
8 6 1  E  
. 1 )
5 .  6 8 )
R ‘
S S R
R ‘
S S R
. 3 1
. 0 8 8 2 6 2
. 7 0
4 1 .  1 1 8 7 3 2
2 1 4
R  »  . 6 2  
S S R  »  5 4 . 9 4 6 5 8 9
8 5 7  E  +  .  6 7 7  D 2 1 4  R  =  . 6 3
. 1 )  ( 1 . 2 )  S S R  b  5 4 . 1 0 8 5 8 6
5  o 5  3 )  ( . 5 3 )
V 2 7 5  "  7 ‘ 1 0 3  4
( . 6 )
( 1 1 . 7 1 )
V 2 7 5  "  1 * 7 6 9
2 7 5
2 7 5
( 1 . 3 )
( 1 . 3 3 )
7 . 5 3 9
( . 4 )
( 1 7  . 9 9 . )
7 , 6 8 4
( . 1 )
( 4 1 . 6 6 )
0 7 6  E  
. 1 )
. 6 6 )
. 4 9 7  E  
. 3 )
3 .  9 4  )
2 7 5
2 7  5
R = . 1 2  
S S R  =  . 2 9 1 6 1 1
R  b  . 7 2  
S S R  b  2 7 . 6 7 2 3 0 6
0 8 9  E
. 0 8 )
1 . 0 9 )
2 7 5
R
S S R
,  0 9
2 . 5 5 2 3 7 7
1 2 6  E  2 7  5  ~ 1 , 2 0 7  ° 2 7 5
R  B
.  0 3 )  
3 . 4 8 )
( . 1 )
( - 6 , 9 0 )
. 8 4
S S R  =  . 4 4 3 5 3 4
147 o
1 9 6 3
1 9 7 2
1 9 6 3 + 1 9 7 2
1 9 6 3 + 1 9 7 2
1 9 6 3
1 9 7 2
1 9 6 3 + 1 9 7 2
1963+1972
V 3 1 2  -  6 * 8 8 8  +  * ° 5 6  E 3 1 2
3 1 2
3 1 2
y
3 1 2
. 2 )
2 5 . 8 4 )
. 3 2 3  +
1 . )
1 . 2 1 )
.  6 4 2  -
. 2 )
2 5 . 8 7  )
. 7 9 5  +
. 1 )
6 5 . 8 1 )
. 0 4 )
1 . 2 4 )
. 5 2 1  E
. 3 )
4 .  6 7 )
3 1 2
3 1 2
0 0 8  E
. 0 5 )
- . 1 7 )
0 2 0  E 3 1 2  -  1 . 0 1 9  D 3 1 2  R ‘
R  =  . 2 3  
S S R  =  , 1 9 0 1 0 6
2
R  =  , 7 5  
S S R  =  3 0 , 4 8 1 9 5 0
R = . 0 0 2  
S S R  =  2 . 2 4 7 1 4 9
* 0 2 )
. 9 6 )
( , l )  S S R
( - 8 . 7 2 )
. 8 5
o 3 2 8 0 5 0
3 4 1
3 4 1
3 4 1
341
.  9 8 5  +
. 1 3 )
5 1  ,  0 2 )
. 68  2 +
. 0 7 )
1 0 5 . 1 1 )
.  2 7 0  +
. 9 )
3 . 6 2 )
.  2 6 7  +
, 9 )
3 . 5 2 )
0 4 5  E
. 0 2 )  
2 .  1 3 )
0 6 6  E  
. 0 1 )  
4 . 5 9 )
8 1 8  E
. 1 )
4 , 7 7 )
8  3 4  E
. 2 )
4 . 1 7 )
3 4 1
3 4 1
3 4 1
R  =  o 3 1  
S S R  =  . 1 1 7 1 1 3
R  =  . 7 7  
S S R  =  . 0 3 1 2 0 9
R  =  . 5 5  
S S R  =  5 0 . 8 5 7 3 1 2
341 -  . 2 1 3  D
( 1 . 2 )
( - ♦ 1 7 )
341 R 2  - 5 5
S S R  =  5 0 . 7 7 2 4 2 4
148.
1963
1 9 7 2
1 9 6 3 + 1 9 7 2
1 9 6 3 + 1 9 7 2
1 9 6 3
1 9 7 2
1 9 6 3 + 1 9 7 2
1963+1972
V 3 4 9  “  7 ’ 0 9 8  +  * ° 1 3  E 3 4 9  ^  -  * ° 9
( . 0 8 )  ( . 0 1 )  S S R  =  . 0 4 1 0 1 6
( 8 7 . 0 7 )  ( 1 . 0 4 )
V 3 4 9  =  8 . 0 0 5  -  . 0 2 4  E 3 4 9  R 2  =  . 2 7
( . 0 8 )  ( . 0 1 )  S S R  =  . 0 7 3 2 8 6
( 9 3 . 5 8 )  ( - 1 . 6 4 )
V 3 4 9  -  2 . 8 7 6  +  . 7 6 4  E ^  R 2  -  . 5 3
( . 8 )  ( . 1 )  S S R  =  6 8 . 5 7 0 2 5 3
( 3 . 3 2 )  ( 4 . 6 9 )
V 3 4 9  -  2 . 8 7 2  +  . 7 6 2  +  . 0 4 1  D 3 4 9  R 2  .  . 5 3
( . 9 )  ( . 1 )  ( 1 . 3 )  S S R  =  6 8 . 5 6 6 4 9 3
( 3 . 1 9 )  ( 4 . 3 2 )  ( . 0 3 )
V 3 6 1  =  ° * 1 ° 7  +  1 * 4 0 0  E 3 6 1  R 2  =  o 9 5
( . 2 )  ( . 0 8 )  S S R  =  6 . 9 6 0 2 2 9
( . 4 3 )  ( 1 6 . 3 6 )
V 3 6 1  "  7 - 8 3 3  -  - ° 1 4  E 3 6 1  R 2  "  - 2 °
( . 0 6 )  ( . 0 1 )  S S R  =  . 0 4 1 7 1 0
( l 3 0 . 1 8 ) ( - l . 4 4 )
V 3 6 1  =  1 ' 7 0 7  +  > 9 5 4  E 3 6 1  R 2  “  * 6 8
( . 6 )  ( . 1 )  S S R  =  7 9 . 2 5 6 1 4 7
( 2 . 5 1 )  ( 6 . 9 3 )
V 3 6 1  ®  1 ° 6 7 3  +  * 9 3 5  E 3 6 1  +  * 4 8 4  D 3 6 1  r 2  =  * 6 8
(  © 7  )  ( . 1 )  ( 1 . 2 )  S S R  =  7 8  . 7 2 5 1 2 9
( 2 . 3 9 )  ( 6  © 2 6  )  ( . 3 8 )
149.
1963 V 3g4 = 6.924 - .005 E g84 R 2 = .001
( . 6 )
( 1 1 . 0 0 )
. 1 )
- . 0 5 )
S S R  = . 1 5 1 0 6 1
1 9 7 2 V
3 8 4
. 9 1 7  +
* 8 4 2  E 3 8 4
R 2 =  . 8 2
( 1 * 1 )
( . 8 2 )
* 3 )
4 .  9 3 )
S S R  = 1 4 . 0 8 9 8 0 1
1 9 6 3 + 1 9 7 2 V
3 8 4
7 . 7 2 0  -
0 7 5  E 3 8 4
R 2 =  . 0 9
( . 3 )  
( 2 0 . 0 2 )
. 0 7 )
- . 9 7 )
S S R =  1 . 3 9 4 7 5 0
1 9 6 3 + 1 9 7 2 V
3 8 4
7 . 5 7 9  +
0 1 1  E 3 8 4  ” 1 - 0 7 4  D 3 8 4  R 2
=  . 8 8
( . 1 )
( 5 1 . 4 9 )
. 0 3 )
. 3 7 )
( . 1 )
( - 7 . 4 0 )
S S R *  . 1 7 7 6 9 4
1 9 6 3 V
3 9 4
. 4 6 7  + . 2 5 4  E 3 g 4 R 2 «  . 9 0
( . 6 )  
( . 7 1  )
* 1 )
8 0 2 4 )
S S R b  9 . 6 6 4 9 4 4
1 9 7 2 V  =  
3 9 4
. 8  2 4  + . 8 1 1  e 3 Q 4
_  2  
R B  , 8 1
( . 9 )
( . 9 0 )
. 3 )
5 . 5 2 )
S S R «  2 6 . 4 8 9 8 7 ,
1 9 6 3 + 1 9 7 2 V  =  
3 9 4
7 . 9 4 8  - ° 6 5  E 3 £ ) 4 R 2 «  . 0 7
( . 3  )
( 2 4  o  4 9  )
. 0 5 )
- 1 . 1 3 )
S S R «  2 . 4 7 9 3 3 9
1 9 6 3 + 1 9 7 2 V
3 9 4
7 . 9 1 9  +
0 1 1  E 3 9 4  ~
1 . 1 0 7  D 3 0 4  R 2 =  . 9 6
( . 0 6 )
( 1 1 6 . 4 5 )
. 0 1 )
. 8 6 )
( . 0 5 )
( - 1 8 . 6 9 )
S S R b  . 1 0 2 0 3 5
1 9 6 3 V
3 9 5
*= 6  • 5 4 8  + .  0 3 2  E  „  
3 9 5
R 2 .  0 9
( . 3 ) ( . 0 5 ) S S R SS . 1 2 6 4 5 7
( 1 9 . 8 2 ) ( . 5 5 )
1 9 7 2 v
3 9 5
— 1 * 0 4 0  +
1 * 6 4 9  E 3 9 5
R 2 = . 7 8
( 1 . 0 2 ) ( . 3 . ) S S R = 2 2 . 1 2 5 6 9 6
( 1 . 0 2 ) ( 4 .  6 8 )
1 9 6 3 + 1 9 7 2 V
3 9 5
~  7 . 0 4 7  + . 0 2 9  E  „  
3 9 5
R 2 . 0 1
( . 3 ) ( . 0 6 ) S S R - 2 .  1 9 4 - 5 1 5
( 1 9 . 7 3 )
COfe.
1 9 6 3 + 1 9 7 2 V
3 9 5
— 7 . 1 8 4  + •°64 E 3 9 5  " 1 . 1 6 1  D R 23 9 5 = . 8 8
( . i ) ( . 0 2 ) ( . 1 ) S S R = , 2 5 3 7 8 5
( 5 5 . 9 7 )
feCD•CM
( - 8 . 7 4 )
1 9 6 3 V
4 1 9
= . 2 8 1  + 1 . 3 1 4  E 4 1 0 R 2  = . 9 3
( . 4 )
( . 5 9 )
( . 1 )
( 1 0 . 9 5 )
S S R  = 7 . 7 0 7 3 3 7
1 9 7 2 V
4 1 9
= . 5 3 9  + 1 . 8 6 2  E 4 1 9 li
Ac£ • CO
( . 6 )
( . 8 6 )
( . 2 )  
( 7 .  2 5 )
S S R  = 2 9 . 5 8 5 3 2 0
1 9 6 3 + 1 9 7 2 v
4 1 9
= 2 .  0 3 7  + . 9 7 8  E 4 1 g R 2  = . 6 7  •
( . 7 6 )  
( 2 .  6 7  )
( . 1 )
( 6 . 4 3 )
S S R  = 6 3 . 8 8 2 4 9 9
1 9 6 3 + 1 9 7 2 v
4 1 9
= 2 . 0 1 0 + . 9 7 1  E 4 1 9  + . 2 9 4  D 4 1 9 R 2  = . 6 7
( . 7 )  
( 2 . 5 4 )
( . 1 )  
( 6 .  1 3 )
( 1 . 8 )
( . 2 3 ) S S R  = 6 3 . 7 0 6 4 7 1
151 .
1963
1 9 7 2
1 9 6 3 + 1 9 7 2
1 9 6 3 + 1 9 7 2
1 9 6 3
1 9 7 2
1 9 6 3 + 1 9 7 2
.1963 + 1972
423 = ,447 + 1.225 E 423
4 2 3
4 2 3
4 2 3
. 6 )  
. 7 4 )
9 4 5  +
. 9 )  
. 9 8 )
— 4  o 4  3 4  +
o 9  )
4 .  6 4 )
. 4 4 6  +
. 9 )
4 ,  6 o )
. 1 )
8 .  9 5 )
.  6 9 3  E
. 3 )
4 .  9 6 )
4 2 3
5 1 7  E
. 1 )
2 . 8 5 )
5 8 1  E
. 1 )
3 .  0 0 )
4 2 3
R  =  , 9 0  
S S R  =  9 .  3 6 1 9 7 1
2
R  =  . 7 7  
S S R  =  2 9 , 4 1 5 4 1 8
R 2  =  , 3 2  
S S R  =  3 6 , 4 7 4 0 0 9
4 2 3
. 9 9 7  D 4 2 3  R ‘ =  . 3 6
( 1 . 0 )
( - . 9 6 ) S S R  =  3 4 , 4 7 3 9 4 2
V
4 3 1
4 3 1
4 3 1
431
. 1 4 7  -  
* 2 )
3 0 . 5 2 )
« 4 5 4  +
1 . 3 )
1 . 0 6 )
, 0 7 8  »  
. 4 )
17  o 5 8  )
7 . 9 7 4  +
. 0 8 )
9 8 , 1 6 )
4 3 1
4 3 1
0 0 0 7  E
. 0 4 )  
- . 0 2 )
.  6 6 5  E
. 4 )
3 , 8 3 )
1 0 1  E 4 3 1  
. 0 9 )  
- 1 . 0 6 )
R «  , 0 0 0 1  
S S R  =  . 0 4 4 8 8 6
R 2  =  . 7 4  
S S R  =  2 3 . 2 0 1 1 4 7
R 2  =  . 0 9  
S S R  =  2 . 2 3 6 6 3 9
0 0 7  E
. 01)
.42)
431 1 , 2 5  3 D 4 3 1  
( . 0 6 )
( - 1 8 . 5 4  )  S S R
R  =  . 9 7
«  , 0 6 3 2 4 8
152.
1 9 6 3 v
4 7 2
=  . 4 6 4  + 1 . 2 2 9  E 4 7 2 R 2 = . 9 1
( . 6 ) ( . 1 ) S S R = 9 . 4 4 9 0 9 0
( W T ) ( 9 , 0 3 )
1 9 7  2 v
4 7  2
=  2 . 1 4 1  + 1 . 2 2 9  E 4 7 2 R 2 .  6 5
( 1 . 2 ) ( ♦  3  )
( 1 . 6 5 ) ( 3 . 6 8 ) S S R 3 2 . 6 7 7 0 4 4
1 9 6 3 + 1 9 7 2 V
4 7 2
=  4 . 3 9 8  + , 5 5 7  E 4 7 2 R 2 s . 3 5
( . 9 ) ( . 1 ) S S R B 3 6 , 7 9 5 1 7 4
( 4 . 6 4 ) ( 3 . 0 9 )
1 9 6 3 + 1 9 7 2 V
4 7 2
=  4 . 4 0 6  + . 6 4 3  e 4 7 2  - 1 . 3 0 4  D
_  2  
R = . 4 1
(  » 9  ) ( . 1 ) (  1 . 0 2 ) S S R  - = 3 3 . 4 0 7 9 3 0
( 4 . 7 3 ) ( 3 . 3 9 ) ( - 1 . 2 7 )
1 9 6 3 V
4 7  4
=  7 . 4 7 4  -
0 4 9  E 4 7 4
R 2 . 3 4
( * 1 ) . 0 3 ) S S R = . 0 3 1 5 1 7
( 4 6 . 1 6 ) - 1 . 6 3 )
1 9 7 2 y
4 7  4
b  3 . 3 9 9  +
9 9 7  E 4 7 4
R 2 B . 5 1
( 1 . 5 ) . 3 ) S S R B 2 6 . 8 5 4 7 1 5
( 2 . 1 3 ) 2 .  5 3 )
1 9 6 3 + 1 9 7 2 V
4 7 4
«  8 . 0 3 1  - 0 8 5  E
4  i  4
R 2 B , 0 9
( . 3 ) . 0 7 ) S S R = 2 . 0 2 5 8 4 9
( 2 1 . 8 5 ) - 1 , 1 6 )
1 9 6 3 + 1 9 7 2 v
4 7 4
m  7 . 9 6 1  +
0 0 3  E 4 9 3  -
1 . 0 9 9  D 4 9 3  R 2 B . 9 6
( . 0 7 ) , 0 1 ) ( . 0 6 )
( 1 0 2 . 8 7 ) . 1 9 ) ( - 1 6 . 8 0 )  S S R = . 0 8 2 6 3 9
1963
1 9 7 2
1 9 6 3 + 1 9 7 2
1 9 6 3 + 1 9 7 2
1 9 6 3
1 9 7 2
1 9 6 3 + 1 9 7 2
1963+1972
493 = 6.170 + .122 E 493
4 9 3
4 9 3
4 9  3
( . 4 )  
( 1 4 . 1 0 )
=  7 . 1 8 3  +
( . 0 9 )
( 7 4 . - 2 4 )
=  7 . 2 0 7  -
( . 4 )
( 1 7 . 1 5 )
=  7 . 1 3 3  +
( . 1 )
( 4 9 . 2 9 )
. 0 8 )
1 . 4 8 )
0 8 1  E
. 0 2 )
3 . 7 9 )
0 0 2  E
. 0 8 )
- . 0 3 )
4 9 3
4 9 3
R  =  . 3 5  
S S R  =  . 1 8 0 9 6 1
2
R  =  . 7 4
S S R  =  . 0 3 7 8 0 2  
R 2  =  . 0 0 0 1
S S R  =  2 . 1 1 0 6 0 6
0 9 3  E 4 9 3  -  1 . 1 6 9  D 4 9 3  R -  =  . 8 9
. 0 3 )
2 . 9 7 )
( . 1 )  S S R  «  . 2 2 6 7 9 1
( - 9 , 1 1 )
V
4 9 4
4 9 4
4 9 4
494
= 1 . 3 4 7  +
( i . i )
(1 .2 2 )
= 7 * 6 7 0  +
( . 1 )
( 4 4 . 8 9 )
=  7 . 5 4 6
( . 3 )  (
( 2 0 . 2 1  )
=  7 . 6 6 6  +
( . 1 )
( 6 1 . 7 4 )
. 0 1 5  E
. 2 )
4 .  6 4 )
4 9 4
4 9 4
0 1 9  E
. 0 3 )
. 6 0 )
3 0  E 4 9 4
0 6 )
- . 4 6 )
R
S S R
R ‘
S S R
. 7 8
9 . 1 1 2 4 5 1  
.  0 4
. 2 8 2 8 0 7
R = . 0 1
S S R  =  3  o 6 6 2 1 5 9
0 2 0  E 4 9 4 ”  X ' 2 6 4  D 4 9 4  R ‘
. 0 2 )
. 8 8 )
(.1) SSR
(-11.44)
. 8 9
.37 6844
154 ©
1963
1 9 7 2
1 9 6 3 + 1 9 7 2
1 9 6 3 + 1 9 7 2
V 6 0 3  "  7 - 6 2 7  +  - 0 0 5  E 6 0 3  ^  "  - 0 1
( . 1 )  ( . 0 2 )  S S R  =  . 0 1 9 4 6 9
( 6 6 . 9 5 )  ( . 2 7 )
V 6 0 3  “  8 * 5 2 8  ”  . 0 0 0 2  E 6 0 3  R 2  =  . 0 0 0 2
( . 0 3 )  ( . 0 0 7  )  S S R  =  . 0 1 5 9 4 2
( 2 2 2 . 8 3 )  ( - . 0 4 )
V 603 - 8 '473 - -°52 E 603 ft2 " -02
( . 4 )  ( . 0 7 )  S S R  =  3 . 1 7 0 7 5 3
( 2 0 .  1 4 )  ( - . 7 0 )
V 6 0 3  "  8 ' 5 2 4  "  - 0 0 0 4  E 6 0 3 -  1 * a S 4  D 6 0 3  r 2  "  - 9 8
( . 0 4 )  ( . 0 0 8 )  ( . 0 3 )  S S R  =  . 0 3 5 6 9 7
( 1 8 4 , 8 2 )  ( . 0 6 )  ( - 3 6 , 3 0 )
T a b l e  B  D i f f e r e n t i a l  i n t e r c e p t s  t e s t  ( F I ) ,  a n d  
d i f f e r e n t i a l  s l o p e s  t e s t  ( F 2 )  r e s u l t s
I n d u s t r y
N o .
F I
P r o b a b i l i t y  l e v e l  o f  
s i g n i f i c a n c e ,  $
F 2
P r o b a b i l i t y  l e v e l  o f  
s  i g n i f  i  c a n c  e ,  $
1 0 3 1 C o m m o n  s l o p e
2 1 3 C o m m o n  i n t e r c e p t 1
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APPENDIX G1
1 2 3
E n t e r -  
p r i s  e s  
e m p l o y i n g
E n t e r p r i  s e s A v e r a g e  e m p l o y e d
N u m b  e  r $ C u m u l a t  i v e
t
N u m b e r
d
i ° C u m u l a t i v e
1 °
7 5 0 0 + 1 0 4 . 9 7 4 . 9 7 1 7 1 0 0 7 6 4 . 1 2 6 4 . 1 2
4 0 0 0 - 7 4 9 9 4 1  . 9 9 6 . 9 6 2 2 0 2 9 8 .  2 6 7 2 . 3 8
2 5 0 0 - 3 9 9 9 7 3 . 4 8 1 0 . 4 5 2 2 7 6 0 8 .  5 3 8 0 .  9 0
1 5 0 0 - 2 4 9 9 4- 1 . 9 9 1 2 . 4 4 8 1 5 5 3 .  0 6 8 4 . 0 1
1 0 0 0 - 1 4 9 9 6 2 .  9 8 1 5 , 4 2 6 9 7 4 2 .  6 2 8 6 . 5 6
7 5 0 -  9 9 9 6 2 . 9 8 1 8 . 4 1 5 1 9 0 1 . 9 5 8 8 . 5 4
5 0 0 -  7 4 9 9 4 . 4 7 2 2 . 8 8 5 8 7 0 2 . 2 0 9 0 . 7 4
4 0 0 -  4 9 9 8 3 . 9 8 2 6 . 8 6 3 6 2 1 1 . 3 6 9 2 . 1 0
3 0 0 -  3 9 9 1 9 9 . 4 9 3 6 . 3 5 6 5 4 3 2 . 4 5 9 4 . 5 5
2 0 0 -  2 9 9 2 6 1 2 . 9 3 4 9 .  2 7 6 3 0 5 2 .  3 6 9 6 . 9 1
1 0 0 -  1 9 9 2 8 1 3 . 9 3 6 3 .  2 1 4 0 6 4 1 . 5 2 9 8 . 4 3
5 0 -  9 9 4 0 1 9 . 9 0 8 3 . 1 0 2 8 7 7 1 . 0 8 9 9 . 5 1
2 5 -  4 9 3 4 1 6 . 9 1 1 0 0 . 1 2 9 3 0 . 4 9 1 0 0 .
T  o  t a l 2 0 1 1 0 0 2 6 6 6 8 8 1 0 0
A i t c h i s o n ,  J .  a n d  B r o w n ,  J . A . G .  T h e  L o g - n o r m a l  D i s t r i b u t i o n ,  
C a m b r i d g e  U n i v e r s i t y  P r e s s ,  1 9 5 7 ;  A l s o ,  S . J .  P r a i s ,  T h e  
E v o l u t i o n  o f  G i a n  F i r m s  i n  B r i t a i n ,  1 9 0 9 - 7 0 ,  C a m b r i d g e  U n i v e r s i t y  
P r e s s ,  1 9 7 6 ,  A p p e n d i x  C .
T h e  g r a p h i c a l  m e t h o d  w a s  u s e d  t o  i n t e r p o l a t e  t h e  
M i d - p o i n t  i n d e x  a s  s h o w n  i n  C h a r t  G . l .  I n  t h i s  c h a r t  t h e  
t h e o r e t i c a l  l o g - n o r m a l  c u r v e  L L  i s  d r a w n  u s i n g  f o u r  s i z e -  
c l a s s e s ;  7 5 0 0 ,  4 0 0 0 ,  2 5 0 0 ,  a n d  1 5 0 0 ,  w h i c h  w e r e  p l o t t e d  
o n  t h e  v e r t i c a l  a x i s ,  w h i l e  t h e  c u m u l a t i v e  p e r c e n t a g e s  
o f  t h e  d i s t r i b u t i o n  o f  t h e  n u m b e r  o f  e m p l o y e e s ;  6 4 . 1 2 ,
7 2 . 3 8 ,  8 0 . 9 1 ,  a n d  8 4 . 0 1  w e r e  p l o t t e d  o n  t h e  h o r i z o n t a l  a x i s .  
H e n c e ,  t a k i n g  5 0 ^ >  o f  t h e  c u m u l a t i v e  d i s t r i b u t i o n  ( o n  t h e  
h o r i z o n t a l  a x i s )  w i l l  c o r r e s p o n d  t o  t h e  5 0 ^  p o i n t ,  n a m e l y  
1 6 0 0 0 ,  o f  i n d u s t r y  e m p l o y m e n t  ( o n  t h e  v e r t i c a l  a x i s ) .
T h a t  i s ,  h a l f  o f  a l l  e m p l o y e e s  a r e  i n  e n t e r p r i s e s  w i t h  
o v e r  1 6 0 0 0  e m p l o y e e s  a n d  h a l f  i n  e n t e r p r i s e s  w i t h  f e w e r  
t h a n  t h a t  n u m b e r .  D i v i d i n g  t h i s  n u m b e r  b y  t o t a l  i n d u s t r y  
e m p l o y m e n t ,  w e  f i n d  t h a t  5 .  9 9 / £  i s  t h e  M i d - p o i n t  i n d e x  
( i . e .  £ 6 6 & I 1 ' X  1 9 9  “  5 . 9 9 ) ,  w h i c h  i s  s l i g h t l y  l o w e r  t h a n
o u r  e s t i m a t e d  i n d e x  o n  p a g e  2 9 .
" T O P  5 0 f o "  I N D E X
T h i s  m e t h o d  i n v o l v e s  m o v i n g  d o w n  t h e  p l a n t  s i z e  
d i s t r i b u t i o n ,  s t a r t i n g  w i t h  t h e  l a r g e s t  p l a n t s  u n t i l  
e n o u g h  p l a n t s  a r e  i n c l u d e d  t o  e n c o m p a s s  5 0 %  o f  t o t a l  
i n d u s t r y  e m p l o y m e n t .  T h e  e s t i m a t e s  o n  p a g e s  2 7  a n d  2 8  
h a v e  d e f e c t s  a s  w e  a s s u m e d  t h a t  a l l  p l a n t s  i n  t h e  " T o p  5 0 ^ "  
w e r e  o f  e q u a l  s i z e .  T h e r e f o r e  t o  a v o i d  t h i s  a s s u m p t i o n  
t h e  g r a p h i c a l  m e t h o d  w a s  u s e d  t o  e s t i m a t e  t h o s e  i n d i v i d u a l  
e n t e r p r i s e s  a c c o u n t i n g  f o r  t h e  " T o p  5 0 / ^ "  o f  i n d u s t r y  t o t a l  
e m p l o y m e n t .
THE MID-POINT INDEX
T h e  t e n  l a r g e s t  e n t e r p r i s e s  ( t a b l e  G . l )  a c c o u n t  f o r  
4 . 9 7 5 p e r  c e n t  o f  t h e  t o t a l  n u m b e d  o f  e n t e r p r i s e s
( i . e . 1 02 0 1 x  1 0 0  a  4 . 9 7 5 ) ,  a n d  6 4 . 1 2  p e r  c e n t  o f  t o t a l
1 7 1 0 0 7
i n d u s t r y  e m p l o y m e n t  ( i . e .  g g g 's  x  1 0 0  "  6 4 . 1 2 ) .
T o  i n t e r p o l a t e  t h e  i n d i v i d u a l  e n t e r p r i s e s  w h i c h
a c c o u n t  f o r  h a l f  t o t a l  e m p l o y m e n t ,  i n  C h a r t  G . l .  w e  h a v e
/  /
d r a w n  t h e  t h e o r e t i c a l  l o g - n o r m a l  c u r v e  L  L  ,  b y  p l o t t i n g  
s i z e - c l a s s e s  ( c o l u m n  1 ,  t a b l e  G . l . )  o n  t h e  v e r t i c a l  a x i s ,  
a n d  t h e  c u m u l a t i v e  p e r c e n t a g e s  o f  t h e  n u m b e r  o f  e n t e r p r i s e s  
o n  t h e  h o r i z o n t a l  a x i s  ( c o l u m n  2 ,  t a b l e  G . l o ) .  T h e  
i n d i v i d u a l  t e n  l a r g e s t  e n t e r p r i s e s  f o r m  t h e  f o l l o w i n g  
p r o p o r t i  o n s * :
11
2
11
3  
11
4  
11
5  
11
x  4 . 9 7 5  =  . 4 5
x  4 . 9 7 5  =  . 9 0
x  4 . 9 7 5  =.  1 . 3 6  
x  4 . 9 7 5  =  1 . 8 0  
x  4 . 9 7 5  =  2 . 2 6
11
7
11
_ 8
11
9  
11
1 0
11
x  4 . 9 7 5  =  2 . 7 1  
x  4 . 9 7 5  «  3 . 1 7  
x  4 . 9 7 5  =  3 . 6 2  
x  4 . 9 7 5  =  4 . 0 7  
x  4 . 9 7 5  =  4 . 5 2
T h e r e f o r e  t h e s e  t e n  p r o p o r t i o n s  c o r r e s p o n d  t o  t h e  
f o l l o w i n g  s i z e - e n t e r p r i s e s  o n  t h e  v e r t i c a l  a x i s ;  4 9 0 0 0 ,  
2 8 0 0 0 ,  2 0 0 0 0 ,  1 6 0 0 0 ,  1 3 5 0 0 ,  1 1 0 0 0 ,  9 5 0 0 ,  8 5 0 0 ,  8 0 0 0  a n d  
1 7 5 0 0 ,  a n d  t h e  t o t a l  s u m  e q u a l s  1 7 1 0 0 0  e m p l o y e e s  ( c o m p a r e d  
w i t h  a c t u a l  1 7 1 0 0 7 ) o
T h e  s u m  o f  t h e  l a r g e s t  6  e n t e r p r i s e s  ( 1 3 7 5 0 0 )  i s  
c l o s e  t o  h a l f  t o t a l  i n d u s t r y  e m p l o y m e n t ,  a n d  a c c o r d i n g l y ,
W e  d i v i d e d  t h e  i n t e r v a l  t y S O O - o v e r *  i n t o  1 1  ( r a t h e r  t h a n  1 0 )  
e q u a l  p a r t s ,  t o  m a k e  i t  m o r e  u n i f o r m l y  s p a c e d ,  a n d  t h e n  
c a l c u l a t e d  t h e  p r o p o r t i o n s  o f  t h e  l a r g e s t  t e n  e n t e r p r i s e s .
t h e  " T o p  5 0 $ "  i n d e x  i s  e q u a l  t o  1 3 7 5 0 0  4 - 2 6 6 6 8 8  x  1 0 0  =
6
8 0 5 9  p e r  c e n t ,  w h i c h  i s  s l i g h t l y  h i g h e r  t h a n  t h a t  e s t i m a t e d  
o n  p a g e  2 8  ( 8 * 5 9  c o m p a r e d  w i t h  7 . 7 9 ) ,
"TOP 20". INDEX .
T h e r e  a r e  m a n y  w a y s  t o  c a l c u l a t e  t h i s  i n d e x .  F i r s t ,
i n  s i z e  c l a s s  2 5 0 0 - 3 9 9 9 ,  t h e  d i f f e r e n c e  b e t w e e n  t h e  l o w e r
t a i l  a n d  t h e  u p p e r  t a i l  i s  e q u a l  t o  1 5 0 0  ( i . e .  3 9 9 9  -  2 5 0 0 * =
1 5 0 0 ) .  T a k i n g  —  o f  t h i s  d i f f e r e n c e *  ( i . e .  1 5 0 0  x  y  =  2 1 4 )
a n d  a d d i n g  i t  t o  t h e  l o w e r  t a i l  o f  t h e  s i z e - c l a s s  ( 2 5 0 0 ) ,
w e  w i l l  h a v e :  2 5 0 0  +  2 1 4 -  =  2 7 1 4  w h i c h  a c c o u n t s  f o r  t h e
t w e n t i e t h  l a r g e s t  e n t e r p r i s e .  G r a p h i c a l l y  m e a s u r i n g  t h i s
n u m b e r  ( 2 7 1 4 - )  o n  t h e  v e r t i c a l  a x i s  o f  c h a r t  G . l .  c o r r e s p o n d s
t o  7 9 , 9  p e r  c e n t  ( c u r v e  L L )  o n  t h e  h o r i z o n t a l  a x i s  w h i c h
a c c o u n t s  f o r  t h e  c u m u l a t i v e  d i s t r i b u t i o n  o f  t h e  l a r g e s t  2 0
e n t e r p r i s e s  i n  i n d u s t r y  3 1 1 .  A l t e r n a t i v e l y  i f  w e  d e d u c t
2 7 1 4  f r o m  2 2 7 6 0  a n d  t h e n  a d d  t h e  r e m a i n i n g  n u m b e r  ( w h i c h
a c c o u n t s  f o r  6  e n t e r p r i s e s  i n  s i z e - c l a s s  2 5 0 0 - 3 9 9 9 )  t o  t h e
n u m b e r  o f  e m p l o y e e s  a c c o u n t i n g  f o r  t h e  l a r g e s t  1 4  e n t e r p r i s e s
( 1 7 1 0 0 7  +  2 2 0 2 9 )  w e  w i l l  a r r i v e  a t  t h e  s a m e  p e r c e n t a g e .  T h a t
i s  1 7 1 0 0 7  +  2 2 0 2 9  +  ( 2 2 7 6 0  -  2 7 1 4 )  »  2 1 3 0 8 2 ,  a n d
— x  1 0 0  -  7 9  9 $
2 6 6 6 8 8  X  “
T h i s  s a m e  p e r c e n t a g e  i s  a l s o  o b t a i n e d  u s i n g  t h e  m e t h o d
o f  q u a n t i l e s  a s  f o l l o w s :  I n  t a b l e  G . l ,  t h e  t h r e e  l a r g e s t
s i z e - c l a s s e s  ( t h o s e  e m p l o y i n g  2 5 0 0 - o v e r )  f o r m  a  p r o  p o r t i o n  
21p = 2qY “ ° 4 a * * e n t e r p r i s e s  a n d  a c c o u n t  f o r  a
2 1 5 7  9 8
p r o p o r t i o n  q  =  2 '6 ~ 6  6 ~ 8  8 ~ 1 3 a ^ *  e m p l o y e e s .  T h e r e f o r e
t h e  s t a n d a r d  d e v i a t i o n  c a n  b e  e s t i m a t e d  a s :
*  W e  c a n  t a k e  -g- o f  t h e  d i f f e r e n c e  i f  w e  w a n t  t h e  d i f f e r e n c e
b e t w e e n  t h e  s e v e n  e n t e r p r i s e s  m o r e  u n i f o r m l y  s p a c e d .
160.
O '  =  ( 1 - p )  -  V 1  ( 1 - q )
=  ( 0 . 8 9 5 5 )  -  < ^ _ 1  ( 0 . 1 9 0 8 )
=  1 . 2 8  -  0 , 8 5  as 0 . 4 3  i n  n a t u r a l  l o g a r i t h m s ,  c o r r e s p o n d i n g
t o  0 , 1 7 8  i n  c o m m o n  l o g a r i t h m s .  W e  a r e ,  t h e r e f o r e ,
20
i n t e r e s t e d  i n  t h e  p r o p o r t i o n  p  =  —  q =  0 .  0 9 9 5 ,  a n d  w i s h
t o  f i n d  t h e  s h a r e  o f  e m p l o y m e n t  q  t h a t  t h e y  a c c o u n t  f o r
a s  O ' "  =  0 . 4 3  i n  n a t u r a l  l o g a r i t h m s .  A p p l y i n g  t h e  
e q u a  t i  o n  t y 1  ( 1  — q )  =  ( 1 - p )  w e  h a v e :
1  ( 1  —  q )  =  < ^ T l  ( 0 . 9 0 0 5 )  -  0 . 4 3
=  1 . 2 7  -  0 . 4 3  =  0 . 8 4
1 - q  =  <Sp (  0 . 8 4 )  ~  0 ,  2 0 0 5
H e n c e  q  =  0 o 7 9 9 5  p e r  c e n t ,  a n d  t a k i n g  t h e  t o t a l  
n u m b e r  o f  e m p l o y e e s  i n  t h e  i n d u s t r y  a s  m  =  2 6 6 6 8 8 ,  i t  i s  
f o u n d  t h a t  t h e  n u m b e r  o f  e m p l o y e e s  a c c o u n t i n g  f o r  2 0  
e n t e r p r i s e s  m q  =  2 1 3 0 8 3 .  T h e r e f o r e  t h e  n u m b e r  o f  e m p l o y e e s  
a c c o u n t i n g  f o r  t h e  l a s t  6  e n t e r p r i s e s  i n  t h e  " T o p  2 0 "  i s  
e q u a l  t o :
2 1 3 0 8 3  -  ( 1 7 1 0 0 7  +  2 2 0 2 9 )  =  2 0 0 4 7 ,  a n d  t h e  n u m b e r  
o f  e m p l o y e e s  i n  t h e  s e v e n t h  e n t e r p r i s e  ( s i z e - c l a s s  
2 5 0 0 - 3 9 9 9 )  e q u a l s  2 7 1 3  ( i . e .  2 2 7 6 0  -  2 0 0 4 7  =  2 7 1 3 ) ,  w h i c h
o b v i o u s l y  i s  t h e  s a m e  n u m b e r  a s  t h a t  c a l c u l a t e d  u s i n g  t h e  
o t h e r  m e t h o d s .
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a n d  t h e  I m p l i c a t i o n s  f o r  t h e  D e v e l o p i n g  C o u n t r i e s ' ,  J o u r n a l  o f  
C o m m o n  M a r k e t  S t u d i e s ,  V o l .  1 3 ,  1 9 7 5 •
8 .  F .  M .  S c h e r e r ,  ' T h e  D e t e r m i n a n t s  o f  I n d u s t r i a l  P l a n t  S i z e s  i n
S i x  N a t i o n s ' ,  T h e  R e v i e w  o f  E c o n o m i c s  a n d  S t a t i s t i c s ,  V o l .  L V ,
M a y  1 9 7 3 ,  N u m b e r  2 .
9 .  A . L .  L e v i n e ,  ' I n c r e a s i n g  R e t u r n s ,  C o m p e t i t i v e  E q u i l i b r i u m  a n d  t h e  
E n i g m a  t h a t  w a s  A l f r e d  M a r s h a l l ' ,  W o r k i n g  P a p e r  N o .  2 5 6 ,
W a r w i c k  U n i v e r s i t y ,  1 9 7 7 .
1 0 .  J o h n  M ,  H a r t w i c k ,  ' E x p a n d i n g  C a p a c i t y ' ,  W o r k i n g  P a p e r  N o .  2 6 0 ,  
1 9 7 7 .
1 1 .  O . E .  W i l l i a m s o n ,  ' H i e r a r c h i c a l  C o n t r o l  a n d  O p t i m u m  F i r m  S i z e ' ,  
J o u r n a l  o f  P o l i t i c a l  E c o n o m y , A p r i l  1 9 6 7 ,  p p .  1 2 3 - 1 3 8 .
1 2 .  L l o y d s  B a n k  E c o n o m i c  B u l l e t i n ,  ' F i n a n c e  f o r  S m a l l  F i r m s ' ,
N u m b e r  7 ,  J u l y  1 9 7 9 .
1 3 .  P a t r i c i o  M i l l e r ,  ' E f f i c i e n c y  F r o n t i e r s  f o r  I n d u s t r i a l  
E s t a b l i s h m e n t s  o f  D i f f e r e n t  S i z e s ' ,  E x p l o r a t i o n s  i n  E c o n o m i c  
R e s e a r c h ,  O c c a s i o n a l  p a p e r s  o f  t h e  N a t i o n a l  B u r e a u  o f  E c o n o m i c  
R e s e a r c h ,  V o l .  3 ,  N u m b e r  3 ,  1 9 7 6 .
I i * .  H .  K a t r a k ,  'H u m a n  S k i l l s ,  R  a n d  D  a n d  S c a l a  E c o n o m i e s  i n  t h e  
E x p o r t s  o f  t h e  U n i t e d  K i n g d o m  a n d  t h e  U n i t e d  S t a t e s ' ,  O . E . P .
1 9 7 3 .  ' - * ~
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1 6 .
1 7 .
1 8 .
1 9 .
2 0 .  
• 2 1 .
2 2 .
23.
2 k .
2 5 .
2 6 .  
27.
15* E d w a r d  M .  M i l l e r ,  ’ S i z e  o f  F i r m  a n d  S i z e  o f  P l a n t ,  S o u t h e r n  
E c o n o m i c  J o u r n a l 3 A p r i l  1 9 7 8 ,  p p .  8 6 1 - 7 2 .
E d w a r d  M .  M i l l e r ,  ’ T h e  E x t e n t  o f  E c o n o m i e s  o f  S c a l e ’ ,  S o u t h e r n  
E c o n o m i c  J o u r n a l , J a n .  1 9 7 8 ,  p p .  k 7 0 ~ k 8 7 .
R a n a d e v  B a n e r j i ,  ’ S m a l l - S c a l e  P r o d u c t i o n  U n i t s  i n  M a n u f a c t u r i n g :  
A n  I n t e r n a t i o n a l  C r o s s - S e c t i o n  O v e r v i e w ’ ,  J o u r n a l  o f  D e v e l o p m e n t  
E c o n o m i c s , 1 9 7 7 ,  p p .  6 2 - 8 k .
R a n a d e v  B a n e r j i ,  ' A v e r a g e  S i z e  o f  P l a n t s  i n  M a n u f a c t u r i n g  a n d  
C a p i t a l  I n t e n s i t y ,  A  C r o s s - C o u n t r y  A n a l y s i s  b y  I n d u s t r y 1 ,
J o u r n a l  o f  D e v e l o p m e n t  E c o n o m i c s ,  D e c e m b e r  1 9 7 7 ,  p p .  1 5 5 - 1 6 6 .
R a n a d e v  B a n e r j i ,  ’ T e c h n o l o g y ,  E c o n o m i e s  o f  S c a l e  a n d  A v e r a g e  
S i z e  o f  I n d u s t r i a l  P l a n t s :  S o m e  F u r t h e r  C r o s s - C o u n t r y  E v i d e n c e ’ ,  
W o r k i n g  P a p e r  N o .  5 0 ,  J u l y  1 9 7 6 .
J .  D a v i d  R i c h a r d s o n ,  ’ B e y o n d  ( B u t  B a c k  T o ? )  t h e  E l a s t i c i t y  o f  
S u b s t i t u t i o n  i n  I n t e r n a t i o n a l  T r a d e ’ ,  E u r o p e a n  E c o n o m i c  R e v i e w  
( 1 9 7 3 )  p p .  3 8 1 - 3 9 2 ,  N o r t h  H o l l a n d  P u b l i s h i n g  C o m p a n y .
R . M .  S t e r n  a n d  E .  Z u p n i c k ,  ’ T h e  T h e o r y  a n d  M e a s u r e m e n t  o f  
E l a s t i c i t y  o f  S u b s t i t u t i o n  i n  I n t e r n a t i o n a l  T r a d e ’ ,  K y k l o s  1 5 ,  
F a s c .  3  1 9 6 2 ,  p p .  5 8 0 - 5 9 2 .
N .  O w e n ,  ' S c a l e  E c o n o m i e s  i n  t h e  E E C ,  A n  A p p r o a c h  B a s e d  o n  I n t r a -  
E E C  T r a d e ’ ,  E u r o p e a n  E c o n o m i c  R e v i e w -  7 ,  1 9 7 6 ,  p p .  I k 3 - l 6 3 ,  N o r t h  
H o l l a n d  P u b l i s h i n g  C o m p a n y .
G .  B a s e v i ,  ’ D o m e s t i c  D e m a n d  a n d  A b i l i t y  t o  E x p o r t ’ ,  J o u r n a l  o f  
P o l i t i c a l  E c o n o m y ,  7 8 ,  p p .  3 3 0 - 3 3 7 ,  1 9 7 0 .
R . H .  S n a p e ,  ’ T r a d e  P o l i c y  i n  t h e  P r e s e n c e  o f  E c o n o m i e s  o f  S c a l e  
a n d  P r o d u c t  V a r i e t y * ,  T h e  E c o n o m i c  R e c o r d , J a n u a r y  1 9 7 7 .
G .  P u r s e l l  a n d  R . H .  S n a p e ,  ’ E c o n o m i e s  o f  S c a l e ,  P r i c e  
D i s c r i m i n a t i o n  a n d  E x p o r t i n g ' ,  J o u r n a l  o f  I n t e r n a t i o n a l  E c o n o m i c s  
3  ( 1 9 7 3 )  p p .  8 5 - 9 2 ,  N o r t h  H o l l a n d  P u b l i s h i n g  C o m p a n y .
E d w a r d  E .  L e a r n e r ,  R . M .  S t e r n ,  a n d  C . F .  B a u m ,  ' A n  E m p i r i c a l  
A n a l y s i s  o f  t h e  C o m p o s i t i o n  o f  M a n u f a c t u r i n g  E m p l o y m e n t  i n  t h e  
I n d u s t r i a l i z e d  C o u n t r i e s ’ ,  E u r o p e a n  E c o n o m i c  R e v i e w ,  9  ( 1 9 7 7 ) ,  
p p .  1 - 1 9 ,  N o r t h  H o l l a n d  P u b l i s h i n g  C o m p a n y .
G . C .  H u f b a u e r ,  ' T h e  I m p a c t  o f  N a t i o n a l  C h a r a c t e r i s t i c s  o f  
T e c h n o l o g y  o n  t h e  C o m m o d i t y  C o m p o s i t i o n  o f  T r a d e  i n  M a n u f a c t u r e d  
G o o d s ’ ,  i n  R .  V e r n o n ,  T h e  T e c h n o l o g y  F a c t o r  i n  I n t e r n a t i o n a l  
T r a d e ,  N e w  Y o r k ,  1 9 7 0 .
2 8 .  G . D . A .  M a c  D o u g a l l ,  ’ B r i t i s h  a n d  A m e r i c a n  E x p o r t s :  A  S t u d y  
S u g g e s t e d  b y  t h e  T h e o r y  o f  C o m p a r a t i v e  C o s t s ’ ,  T h e  E c o n o m i c  
J o u r n a l ,  D e c e m b e r  1 9 5 1 .
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2 9 .  R .  M ,  S t e r n ,  ' B r i t i s h  a n d  A m e r i c a n  P r o d u c t i v i t y  a n d  C o m p a r a t i v e  
C o s t  i n  I n t e r n a t i o n a l  T r a d e ’ ,  O x f o r d  E c o n o m i c  P a p e r ,  O c t o b e r  
1 9 6 2 .
3 0 .  . G . D . A .  M a c D o u g a l l ,  ’ B r i t i s h  a n d  . A m e r i c a n  P r o d u c t i v i t y ,  P r i c e s
a n d  E x p o r t s ’ ,  O x f o r d  E c o n o m i c  P a p e r ,  O c t o b e r  1 9 6 2 .
3 1 .  A . C .  H a r b e r g e r ,  ’ S o m e  E v i d e n c e  o n  t h e  I n t e r n a t i o n a l  P r i c e  
M e c h a n i s m ’ ,  J o u r n a l  o f  P o l i t i c a l  E c o n o m y , D e c e m b e r  1 9 5 7 *
3 2 .  R . E .  B a l d w i n ,  ’ D e t e r m i n a n t s  o f  t h e  C o m m o d i t y  S t r u c t u r e  o f  U . S .  
T r a d e ’ ,  A m e r i c a n  E c o n o m i c  R e v i e w ,  1 9 7 0 .
3 3 *  R . E .  Z e l d e r ,  ’ E s t i m a t e s  o f  E l a s t i c i t i e s  o f  D e m a n d  f o r  E x p o r t s  o f  
t h e  U n i t e d  K i n g d o m  a n d  t h e  U n i t e d  S t a t e s ,  1 9 2 1 - 1 9 3 8 ,  T h e  
M a n c h e s t e r  S c h o o l ,  J a n u a r y  1 9 5 8 ,  V o l .  2 6 ,  p p .  3 3 - 1 * 7  •
3 l * .  H a n g  S h e n g  C h e n g ,  ’ S t a t i s t i c a l  E s t i m a t e s  o f  E l a s t i c i t i e s  a n d  
P r o p e n s i t i e s  i n  I n t e r n a t i o n a l  T r a d e ’ ,  I n t e r n a t i o n a l  M o n e t a r y  
F u n d ,  S t a f f  P a p e r s ,  N o .  V I I ,  A p r i l  1 9 5 9 ,  p p .  1 0 7 - 1 5 8 .
3 5 .  B .  L y o n s ,  ’ A  N e w  M e a s u r e  o f  M i n i m u m  E f f i c i e n t  P l a n t  S i z e  i n  U . K .
■ M a n u f a c t u r i n g  I n d u s t r y ’ ,  E c o n o m i c a ,  1 * 7 ,  p p .  1 9 - 3 U ,  F e b r u a r y
1 9 8 0 .  ----------------------------- -
3 6 .  C .  P r a t t e n  a n d  R . M .  D e a n ,  T h e  E c o n o m i e s  o f  L a r g e  S c a l e  
P r o d u c t i o n  i n  B r i t i s h  I n d u s t r y , '  A d  I n t r o d u c t o r y  S t u d y ,  U n i v e r s i t y  
o f  C a m b r i d g e ,  D e p a r t m e n t  o f  A p p l i e d  E c o n o m i c s ,  1 9 6 5 ,  O c c a s i o n a l  
P a p e r s  3 .
3 7 *  C .  P r a t t e n ,  ’ E c o n o m i e s  o f  S c a l e  i n  M a n u f a c t u r e s  I n d u s t r i e s ’ ,  
C a m b r i d g e ,  A p p l i e d  E c o n .  P a p e r ,  1 9 7 1 .
3 8 .  R . E .  C a v e s ,  J .  K h a l i z a d e h - S h i r a z i ,  a n d  M . E .  P o r t e r ,  ’ S c a l e
E c o n o m i e s  i n  S t a t i s t i c a l  A n a l y s i s  o f  M a r k e t  P o w e r ’ ,  T h e  R e v i e w
o f  E c o n o m i c s  a n d  S t a t i s t i c s ,  M a y  3 1 ,  1 9 7 1 *  •
3 9 -  W . G .  S h e p h e r d ,  ’ W h a t  D o e s  t h e  S u r v i v o r  T e c h n i q u e  S h o w  a b o u t  
E c o n o m i e s  o f  S c a l e ? ’ ,  I n  R e a d i n g  i n  E c o n o m i c s  o f  I n d u s t r i a l  
O r g a n i s a t i o n ,  E d i t e d  b y  D ,  N e e d h a m ,  H o l t ,  R i n e h a r t ,  N e w  Y o r k ,
M a y  1 9 7 0 .
1 * 0 .  J . L .  F o r d  a n d  J . J .  W a r f o r d ,  ’ C o s t  F u n c t i o n  f o r  t h e  W a t e r
I n d u s t r y ’ ,  J o u r n a l  o f  I n d u s t r i a l  E c o n o m i c s , V o l .  X V T I ,  N o .  1 ,
N o v .  1 9 6 9 .
1 * 1 .  M . R . J .  K n a p p ,  ’ E c o n o m i e s  o f  S c a l e  i n  S e w a g e  P u r i f i c a t i o n  a n d
D i s p o s a l ’ ,  T h e  J o u r n a l  o f  I n d u s t r i a l  E c o n o m i c s , D e c e m b e r  1 9 7 8 .
1 * 2 .  J ,  S i l v e s t r e ,  ’ I n c r e a s i n g  R e t u r n s  i n  G e n e r a l  N o n - C o m p e t i t i v e
A n a l y s i s ,  E c o n o m e t r i c  a ,  V o l .  1 * 6 ,  N o .  2 ,  M a r c h  1 9 7 8 .
1 * 3 .  G . J ,  S t i g l e r ,  ’ T h e  E c o n o m i e s  o f  S c a l e ’ ,  J o u r n a l  o f  L a w  a n d  
E c o n o m i c s ,  1 9 5 8 ,  p p .  5 U - 7 1 .  — ........... - .... - - - - - ...
T . A . J .  C o c k e r i l l ,  E c o n o m i e s  o f  S c a l e  i n  t h e  B r e w i n g  I n d u s t r y ,
A  C o m p a r a t i v e  S t u d y ’ ,  U n p u b .  P i s s . ,  U n i v e r s i t y  o f  L e e d s ,  E n g .  
1 9 7 1 .  ' " ..... ................. ............................ .. ..................
• V .  S a n k a r ,  ’ E l a s t i c i t i e s  o f  S u b s t i t u t i o n  a n d  R e t u r n s  t o  S c a l e  i n  
I n d i a n  M a n u f a c t u r i n g  I n d u s t r i e s ’ ,  I n t e r n a t i o n a l  E c o n o m i c  R e v i e w ,  
V o l .  1 1 ,  N o .  3 ,  O c t o b e r  1 9 7 0 .
A . L .  G i n s b u r g ,  A m e r i c a n  a n d  B r i t i s h  R e g i o n a l  E x p o r t  D e t e r m i n a n t s ,  
N o r t h  H o l l a n d  P u b l i s h i n g  C o m p a n y ,  A m s t e r d a m  -  L o n d o n ,  1 9 7 9 .
F . M .  S c h e r e r  a n d  o t h e r s ,  T h e  E c o n o m i c s  o f  M u l t i - P l a n t  O p e r a t i o n ,  
A n  I n t e r n a t i o n a l  C o m p a r i s o n s  S t u d y ,  H a r v a r d  U n i v e r s i t y  P r e s s ,  
C a m b r i d g e ,  M a s s a c h u s e t t s  a n d  L o n d o n ,  E n g l a n d ,  1 9 7 5 *
S . J .  P r a i s ,  T h e  E v o l u t i o n  o f  G i a n t  F i r m s  i n  B r i t a i n ,  A  S t u d y  o f  
t h e  G r o w t h  o f  C o n c e n t r a t i o n  i n  M a n u f a c t u r i n g  I n d u s t r y  I n  B r i t a i n  
1909-70, C a m b r i d g e  U n i v e r s i t y  P r e s s ,  C a m b r i d g e ,  L o n d o n ,  N e w  Y o r k ,  
M e l b o u r n e  1 9 7 6 .
P . B .  D i x o n ,  ’ E c o n o m i e s  o f  S c a l e ,  C o m m o d i t y  D i s a g g r e g a t i o n  a n d  t h e  
C o s t s  o f  P r o t e c t i o n ,  A u s t r a l i a n  E c o n o m i c  P a p e r  N o ,  3 o ,  1 9 7 8 *
V o l .  1 7 ,  p . 6 3 .
W . M .  C o r d e n ,  ’ M o n o p o l y ,  T a r i f f s  a n d  S u b s i d i e s ’ ,  E c o n o m i c a , 3 U  
F e b r u a r y  1 9 6 7 ,  p p .  5 0 - 5 8 .
R . C . O .  M a t t h e w s ,  ’ R e c i p r o c a l  D e m a n d  a n d  I n c r e a s i n g  R e t u r n . ’ ,
R . E .  S t u d i e s ,  F e b r u a r y  1 9 5 0 .
W . M .  C o r d e n ,  ’ E c o n o m i e s  o f  S c a l e  a n d  C u s t o m  U n i o n  T h e o r y ’ ,
J o u r n a l  o f  P o l i t i c a l  E c o n o m y ,  M a y  -  J u n e ,  1 9 7 2 .
D . B .  K e e s i n g ,  ’ L a b o u r  S k i l l s  a n d  I n t e r n a t i o n a l  T r a d e :  E v a l u a t i n g  
M a n y  T r a d e  F l o w s  w i t h  a  S i n g l e  M e a s u r i n g  D e v i c e ’ ,  R . E . S . ,  1 9 6 5 .
H .  H e r b e r g  a n d  M . C .  K e m p ,  ’ S c a l e  I m p l i c a t i o n s  o f  V a r i a b l e  R e t u r n  
t o  S c a l e ’ ,  C . J . E .  A u g .  1 9 6 9 .
J . S ,  B a i n ,  ’ I n t e r n a t i o n a l  D i f f e r e n c e s  i n  I n d u s t r i a l  S t r u c t u r e ’ ,  
N e w  H a v e n :  H a l e  U n i v e r s i t y  P r e s s ,  1 9 6 6 .
B .  O h l i n ,  ’ I n t e r - R e g i o n a l  a n d  I n t e r n a t i o n a l  T r a d e ’ ,  R e v i s e d  
E d i t i o n ,  1 9 6 7 .
E .  B e r g l a s ,  ’ A  T r a d e  M o d e l  w i t h  V a r i a b l e  R e t u r n  t o  S c a l e ’ ,
E .  R e c o r d ,  M a r c h  1 9 7 3 .
P . K .  G o r e c k i ,  ’ E c o n o m i e s  o f  S c a l e  i n  U . K .  M a n u f a c t u r i n g  
I n d u s t r i e s :  S o m e  F u r t h e r  C o n s i d e r a t i o n s ’ ,  A p p l i e d  E c o n o m i c s ,
1 9 7 8 ,  1 0 ,  p p .  3 1 - k 2 .
T .  Y a m a n e ,  ’ S t a t i s t i c s :  A n  I n t r o d u c t i o n  A n a l y s i s ’ ,  S e c o n d  E d i t i o n ,  
A .  H a r p e r  I n t e r n a t i o n a l  E d i t i o n ,  1 9 6 7 .
6 0 .  S .  G l o b e r m a n ,  ’ A  N o t e  o n  F o r e i g q  O w n e r s h i p  a n d  M a r k e t  S t r u c t u r e  
i n  t h e  U n i t e d  K i n g d o m ’ ,  A p p l i e d  E c o n o m i c s ,  1 9 7 9 ,  1 1 ,  p p .  3 5 - 1 * 2 .
6 1 .  J .  H a l d i  a n d  D .  W h i t c o m b ,  ’ E c o n o m i e s  o f  S c a l e  i n  I n d u s t r i a l  
p l a n t s ’ ,  i n  R e a d i n g  i n  E c o n o m i c s  o f  I n d u s t r i a l  O r g a n i s a t i o n ,
E d i t e d  b y  D .  N e e d h a m ,  N e w  Y o r k ,  M a y  1 9 7 0 .
6 2 .  J . S .  B a i n ,  B a r r i e r s  t o  N e w  C o m p e t i t i o n ,  H a r v a r d  U n i v e r s i t y  P r e s s ,  
C a m b r i d g e ,  1 9 6 7 *
6 3 .  R . J .  B a l l a m e l ,  E . B . A .  S t .  C y r ,  ’ S h o r t - t e r m  E m p l o y m e n t  F u n c t i o n s  
i n  B r i t i s h  M a n u f a c t u r i n g  I n d u s t r y ’ ,  R e v i e w  o f  E c o n o m i c  S t u d i e s ,  
V o l .  3 3 ,  1 9 6 6 .
